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ABSTRACT 

Commercial nuclear power in the U.S. has been an unqualified success by any measure, providing 
safe, low-cost, carbon-free baseload electricity for decades. Today, the industry is at the peak of its 
historical performance in terms of generation output, reliable operations, and demonstrated nuclear safety. 
However, with the emergence of subsidized renewables and shale-gas generation, it is no longer among 
the lowest-cost electric generation sources. The business model that served the operating nuclear fleet so 
well over its initial lifespan is now a drag on cost performance, due to its reliance on a large, highly 
skilled labor force. In contrast, digital technology and innovation are enabling dramatic efficiencies in 
energy production, resulting in fierce competition for commodities such as electricity. 

The nuclear power industry responded to this challenge with many initiatives to improve 
efficiency and modernize plant equipment, especially in areas where reliability and obsolescence 
issues are pressing. However, it would be a missed opportunity to merely modernize the plant 
components and work processes of an outdated business model formulated to manage the 
technology of the 1960s. Rather, the greater opportunity is to transform that business model into 
one that fully exploits the capabilities of modern digital technology, resulting in substantially 
lower production costs and sustainable market viability.  

A successful example of one such transformation is the concept of integrated operations (IO), 
introduced into the North Sea oil and gas (O&G) industry a couple decades ago when the 
profitability of operating these fields was severely threatened by low global petroleum prices and 
the high overhead of operating offshore O&G platforms. This effort resulted in significant 
changes to how these oil fields were operated, enabling the industry to continue operating the 
platforms profitably. This example has remarkable parallels to the U.S. commercial nuclear 
industry. 

This report provides an analysis and planning framework for transforming the current nuclear 
power plant (NPP) operating model via transferable learnings from the North Sea O&G industry. 
This framework is termed “Integrated Operations for Nuclear” (ION). This report describes the 
key principles and methods of IO and how they are being applied via collaboration between the 
Department of Energy (DOE) Light Water Reactor Sustainability (LWRS) Program and Xcel 
Energy in an initiative to transform the NPP operating model in order to foster performance 
improvement and long-term sustainability. It describes a method for bringing the operating costs 
of a nuclear fleet in line with market-based pricing and transforming work functions to reduce 
costs via technological innovations. 

This initiative will continue over the next several years in the form of detailed development 
of transformative concepts for NPPs—the results of which will be published as a follow-up to this 
initial report on ION. 
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Analysis and Planning Framework for Nuclear Plant 
Transformation 

1. Introduction 
Commercial nuclear power in the U.S. has been an unqualified success by any measure, having 

provided safe, low-cost, carbon-free baseload electricity for decades. Today, the industry is at the 
peak of its historical performance in terms of generation output, reliable operations, and demonstrated 
nuclear safety. However, with the emergence of subsidized renewables and shale-gas generation, it is 
no longer among the lowest-cost electric generation sources. The business model that served the 
operating nuclear fleet so well over its initial lifespan is now a drag on cost performance, due to its 
reliance on a large, highly skilled labor force. In contrast, digital technology and innovation are 
enabling dramatic efficiencies in production, resulting in fierce competition for commodities such as 
electricity. 

The nuclear power industry responded to this challenge with many initiatives to improve 
efficiency and modernize plant equipment, especially in areas where reliability and obsolescence 
issues are pressing. However, it would be a missed opportunity to merely modernize the plant 
components and work processes of an outdated business model formulated to manage the technology 
of the 1960s. Rather, the greater opportunity is to transform that business model into one that fully 
exploits the capabilities of modern digital technology, resulting in substantially lower production costs 
and sustainable market viability. This report provides an analysis and planning framework to foster 
such a transformation. 

1.1 DOE Light Water Reactor Sustainability Program 
The Light Water Reactor Sustainability (LWRS) Program is sponsored by the U.S. Department of 

Energy (DOE) and coordinated through a variety of mechanisms and interactions with industry, 
vendors, suppliers, regulatory agencies, and other industry R&D organizations. It conducts research to 
develop technologies and other solutions for improving plant economics, reliability, and safety, in 
addition to extending the operations of the national fleet of nuclear power plants (NPPs) [1]. 

The LWRS Program has two objectives in maintaining the long-term operations of the existing 
fleet: 

1. To provide scientific, technology-based solutions to help industry overcome the current 
labor-intensive business model and associated practices 

2. To manage the aging of systems, structures, and components so NPPs can continue to 
operate safely and cost-effectively. 

The DOE LWRS Program’s Plant Modernization Pathway conducts a broad R&D program to 
address the technical and economic sustainability needs of the operating U.S nuclear fleet. This R&D 
program is targeted to ensure that U.S. NPPs are well-positioned for many additional years of 
operation in support of national energy and environmental security goals [2]. The pathway conducts 
this research in collaboration with nuclear industry partners who share this sustainability objective. 
This includes nuclear utilities, industry support groups, suppliers, other research organizations, 
universities, and consultants/contractors. 

Since the inception of the LWRS Program, the Plant Modernization Pathway has conducted 
research activities over a broad range of NPP functional areas, addressing critical issues of technology 
obsolescence, plant reliability, plant worker efficiency, and operations and maintenance (O&M) cost 
reduction [3]. Development and demonstration of these technologies and related methodologies have 
been conducted with collaborating partners, including nuclear utilities, nuclear industry suppliers, and 
other research organizations. The result is a set of proven technologies that, taken together, address 
the requirements for achieving the much-needed modernization of legacy plant systems (as well as 
related operation and support processes) to ensure long-term sustainability and economic viability. To 
this end, a research project entitled “Advanced Concept of Operations” is being sponsored by the 
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Pathway to provide a means of NPP business model transformation, as described in the following 
section. 

1.2 Advanced Concept of Operations Project 
The overall objective of the Advanced Concept of Operations project is to provide the nuclear 

industry with a validated means of bringing operating costs in line with the realities of the electric 
market. This involves transforming their operating model—a transformation accomplished through 
business-driven technology innovation—to address the two major barriers to extended plant life: 
technical and economic viability over the long term. The project focuses on developing a business-
driven approach for transforming the operating model of commercial NPPs from labor-centric to 
technology-centric, as many other industrial sectors have done to survive in today’s marketplace. 

The underlying concept of this operating-model transformation is known as “integrated 
operations” (IO). IO is a system for integrating people, disciplines, organizations, and work processes 
by using cutting-edge information and communications technology to foster smarter decision-making. 
Over the past two decades, North Sea oil and gas (O&G) companies implemented IO when 
restructuring their operating models to remain profitable amid declining offshore petroleum fields and 
depressed O&G prices. Using advanced digital technologies, they moved operation and support 
functions onshore to serve multiple platforms. This is but one example of this type of business-model 
transformation. 

In applying IO principles and methods to the nuclear power industry, the resulting planning and 
analysis framework was termed “integrated operations for nuclear” (ION) and serves as a business-
driven approach for transforming the operating model of commercial NPPs from labor-centric to 
technology-centric. 

In addition, a set of computer-based applications used throughout the framework processes will be 
delivered to industry for analyzing this ION.  

1.3 Industry Collaboration 
This project is being conducted in collaboration with Xcel Energy Inc. A large utility serving the 

central U.S [4]. Xcel has announced goals of providing 100% clean, carbon-free electricity by 2050, 
with an 80% carbon reduction by 2035, making them the first major U.S. utility to announce this level 
of carbon reduction [5]. 

To ensure that its nuclear operations remain competitive in future electric markets, Xcel Energy 
initiated the XE1 program to analyze nuclear-generation work functions in order to derive more 
efficient means of accomplishing their required outcomes through work elimination, requirement 
reduction, process improvement, technology application, and other forms of innovation. Through this 
collaboration, LWRS researchers are developing a framework and accompanying tool set for 
analyzing and formulating the transformed operating model that Xcel Energy will implement for 
maintaining excellent nuclear performance in a cost-competitive manner. 

Norway’s Institute for Energy Technology (IFE), sponsor of the Halden Reactor Project, has 
helped lead the development of IO principles and methods, as well as foster technologies that enable 
this transformation. As part of the project team, they are contracted to apply their IO knowledge to the 
NPP operating model. This past fall, they provided a new report to the LWRS Program, along with 
lessons learned from petroleum industry IO, based on their deep understanding of both offshore 
petroleum production and NPP operations/support. 

ScottMadden Management Consultants is also part of the project team, providing cost-benefit 
analyses and innovative concepts, both from the nuclear industry and other sectors. ScottMadden is 
also providing innovative concepts in key performance indicators and the effective application of 
measures to drive desired business performance. 

In addition, Jason Remer (Remer Engineering) is part of the project team, offering NPP 
operational experience and Nuclear Energy Institute (NEI) regulatory initiative experience, digital 
instrumentation and controls, license extension, and associated plant aging management to the project. 
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1.4 Organization of the Report 
This report is organized into the following major sections detailing the motivation behind the 

project, the reasons for the current state of the U.S. nuclear power industry, the fundamental principles 
of IO, and the methods and results of this project to date: 

 

Section 1 
Background 

Overall objectives of the project, DOE sponsorship, project approach, and 
project collaborators 

Section 2 
The Case for Nuclear 
Plant Transformation 

Factors affecting the U.S. nuclear power industry, initiatives the industry 
has undertaken to address these factors, the concept of a strategic 
inflection point facing the industry, and the case for IO to ensure market 
competitiveness and long-term sustainability 

Section 3 
Integrated Operations 

A high-level presentation on the major principles and methods behind IO, 
its origins in the North Sea O&G industry, and that industry’s parallels to 
the U.S nuclear power industry 

Section 4 
Xcel Energy ION 
Application 
Experience 

Overview of the ION methodology, its application in the Xcel Energy 
initiative, the results to date, use of ION tools, and future steps for full 
development 

Section 5 
Key Performance 
Indicators 

An approach to key performance indicators, other performance measures, 
and process diagnostic measures to ensure that enterprise business 
objectives are achieved and the maximum value of the IO method is 
realized 

Section 6 
Summary 

Key project results, lessons learned in implementing the methodology, 
and transferable learnings for the U.S. nuclear power industry 

Section 7 
Next Steps 

Planned research collaborations in Xcel Energy’s application of the ION 
methodology, and planned activities to transfer the ION 
methodology/tools to the U.S. nuclear power industry 

2. The Case for Nuclear Plant Transformation 
The case for NPP transformation is driven by economic realities combined with new 

technological capabilities for transitioning the business model into something technically and 
economically sustainable. Digitization of the current NPP business model will only institutionalize the 
inefficiencies of the largely manual, paper-based work processes currently employed. Only through 
transformation will the full power of the new technologies be unleashed to achieve a nuclear-
generation cost basis that is both competitive and enduring. 

2.1 Economic Headwinds  
Numerous factors came together over the past decade or so to challenge the economic viability of 

the U.S. operating nuclear fleet. Whereas it was once believed that component aging would be the 
major life-limiting factor of operating plants, the ability to compete in a diverse energy market has 
become the more imminent threat. In addition to plant shutdowns due to cost-prohibitive component 
repair, the industry has now experienced NPP shutdowns for purely economic reasons [6]. The 
following sections describe factors that account for this distressed nuclear power market. 

2.1.1 Electric Market Restructure 

Beginning in the 1990s, changes implemented in the electric market had huge implications for 
nuclear operations. Regulated, vertically integrated electric utilities began to be restructured into new 
forms of operating companies. Some markets were deregulated and converted over to various forms 
of open competition among generating sources. In many cases, these utilities were forced to divest 
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their transmission systems to regional transmission operating companies obligated to neutrality in 
regard to generation and power wheeling. The result was that electric utilities could no longer favor 
and dispatch their own nuclear units but had to engage in price competition on a generating unit basis. 
Moreover, in some cases, this extended to competing on an hourly basis, as the price of electricity 
varied on time of day and the availability of renewable generation, pushing the nuclear units 
“underwater” at times when their total cost of production was less than the market price. 

One strategy to help nuclear units cope with this came in the form of load following. However, 
this strategy has several disadvantages.  

1. Revenue over a given time period obviously decreases when the plant operates below its 
design capacity. Moreover, the fact that nuclear generation is dominated by fixed rather 
than variable costs has a particularly negative effect on production costs ($/MWh).  

2. NPP designs are optimized for 100% power operations, and plant efficiency falls off at 
lower power levels, lowering the return on fuel investment. 

3. Certain nuclear reactor transients occur during power changes, complicating nuclear 
operations and increasing both component and human performance challenges. 

It should be noted that there may be some benefits here in the form of “hybrid generation,” the 
ability to produce valuable products such as hydrogen via the NPP’s electric and heat output when 
electric market prices are unfavorable. Moreover, these types of capabilities are switchable at the 
same rate (daily) that prices vary, allowing nuclear units to maintain reactor power at 100% while 
avoiding operating at a loss, thus preventing the negative effects of reactor power changes. 

With the hybrid generation option still some time off, NPPs are stressed by current electric market 
realities in terms of generated revenue—just when investment is needed to improve plant economics 
and reduce generation costs. It is very difficult to make efficiency investments when revenues do not 
cover expenses. 

2.1.2 The Falling Price of Power 

The price of power has been substantially impacted over the past 15 years by the introduction of 
both shale-gas generation and renewable generation—primarily wind and solar. [7] 

The discovery of new gas fields, along with hydraulic fracturing gas-recovery methods, led to 
historically low gas prices, with proven reserves lasting for the indefinite future. At one time, gas 
turbine generation was the most expensive form of generation and could only be used for peaking 
units. Now it can run as baseload and directly compete with nuclear’s role in the generation mix. On 
the other hand, coal-based generation is rapidly being phased out due to larger air quality and waste 
issues, creating some headroom for nuclear power. The one threat to gas generation, despite 
generating only half as much carbon as coal, is the emerging state and utility goals to be carbon 
neutral by 2050 or so.  

The generation costs of renewables have decreased in two ways. Costs and economies of scale 
have fallen as market size increased. Secondly, substantial government subsidies have been offered in 
the form of investment and production credits for renewables. The latter has a particularly onerous 
effect on the electric market, with some classes of wind generators earning up to $24/MWh. [8] This 
means they can bid into the market even at a negative price and still make money. The effect on 
baseload nuclear generation is obvious in terms of market competition. 

2.1.3 Slower Load Growth 

Further exasperating the situation, electric load growth has slowed over the past decade or so. A 
higher growth rate would obviously create more market headroom for nuclear power. 

One factor pertaining to this is energy efficiency. In the past, a substantial portion of a typical 
utility load was lighting. New energy-efficient lighting technologies such as compact fluorescents and 
LED lights significantly decreased this percentage. Similarly, more efficient appliances, heating and 
cooling units, better insulation, and industrial components such as motors also curtailed load growth. 
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A second factor is economic changes, such as recessions and shifts from heavy industries to 
service-oriented businesses. Indeed, electric prices have been a factor in businesses relocating to areas 
with more favorable electricity prices. This was seen in some of the most intensive electric-based 
industries (i.e. large server farms for internet services). These types of changes have had a 
disproportionate effect on certain utilities. 

One possible benefit of load growth is the growing prospect for electrification of economic 
industrial and transportation sectors as part of the recent decarbonization movement. Penetration of 
electric vehicles into the automobile industry is somewhat growing. Apart from any economic 
advantages (of which there are some), electric growth stands to benefit from societal choices 
regarding the phasing out of carbon-based energy over climate concerns. 

2.1.4 Non-Elective Capital Investment 

Over the past couple decades, the nuclear power industry has dealt with wave after wave of non-
discretionary capital investment to address safety and regulatory issues. This resulted in deferring 
needed reinvestment in the plants to address aging plant systems and was a missed opportunity to 
modernize NPPs through advanced digital technologies commonplace in other safety-critical 
industries. 

The most recent instance of this was the significant modifications made in response to the 
Fukushima nuclear accident. Prior to that, there was a long parade of issues such as security response 
capabilities reactor containment building sump-screen clogging, reactor head weld concerns, degraded 
steam generators, and other nuclear safety improvements. When many industries reinvested in their 
plants via digital technologies to improve operating efficiencies, the available capital—dollar and 
human—was swallowed up by these issues. Thus, the industry found itself in the mid-2000s with a 
1960s technology base. 

Now, with available discretionary capital greatly reduced due to depressed energy prices, nuclear 
utilities need to both upgrade their aging plant systems and lower operating costs by investing in 
transformative business improvements such as centralized plant monitoring. However, because these 
transformative projects entail a degree of technical and financial risk, they are given lower priority 
than demands for reinvestment in plant infrastructure. 

2.2 Diminishing Returns of the Current Business Model 
Business models are formulated to address an enterprise’s needs with respect to current 

requirements for production and competition, as well as external constraints such as regulation. They 
are generally somewhat flexible and adaptable to changing conditions and market forces. However, 
over time, the limitations of any given business model become more apparent as the rate and ease of 
business improvements decline due to new forces/factors in the business environment. The next 
section describes the typical lifecycle of a business model and how it has manifested in the NPP 
operational paradigm. 

2.2.1 The Lifecycle of an Operational Paradigm (S-Curve) 

Today, nuclear generation is a vital component of the nation’s energy supply, providing safe, 
reliable, carbon-free electricity at relatively low cost. This is largely due to the impressive 
performance improvements achieved by industry over the past 15 years or so. In the mid-1990s, there 
was accelerated standardization of plant processes and the conducting of operations. This was due to 
the concerted efforts of the utilities and the Institute of Nuclear Power Operations (INPO) in setting 
challenging performance targets and undergirding these efforts with comprehensive process templates 
and human performance expectations. 

As a result, performance improvements are evident in virtually every aspect of plant operations —
most notably in the capacity factor, scram rate, forced loss rate, dose, refueling outage length, and 
overall cost performance. All this was achieved while substantially improving nuclear safety 
performance.  
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This also resulted in a fairly standard operating model for the U.S. light-water reactor fleet, based 
on these process and human performance standards. Operating experience and lessons learned were 
effectively incorporated throughout the industry; today, there is considerable uniformity from one 
nuclear utility to the next in regard to conducting nuclear operations and support activities.  

However, sustaining these performance improvements is an ongoing concern. Every means or 
methodology of accomplishing an end is subject to the classic S-curve relationship between effort and 
performance, as illustrated in Figure 1 [9]. This has certainly proven true with respect to performance 
improvements in the light-water reactor fleet based on the current operating model. 

 

Figure 1. Performance based on the current operating model. 

In the early years of the operating model, the industry was below the knee of the curve and 
enjoyed highly leveraged returns relative to effort. This roughly corresponded to the time period 
between the mid-1990s and mid-2000s. Below the knee of the curve, a given amount of effort results 
in an appreciable improvement in performance. As the operating model matured, much of the “low-
hanging fruit” was exhausted, and the rate of improvement became impossible to maintain.  

Beyond the knee of the curve, similar levels of effort result in only modest gains in performance, 
with ever-diminishing returns on what a given business model can deliver. Again, this has been 
evident in industry performance ever since the mid-2000s, with the rate of improvement greatly 
slowing—or even flattening—as is evident in the improved fleet capacity factors, scram rates, and 
forced loss rates. 

2.2.2 Recognizing the Limits of an Operational Paradigm 

As further indication, it is generally acknowledged by nuclear utility staff that more and more 
complexity has been added to plant processes, with only small increments of improved performance 
to show for it. This confirms that the industry’s operating model is well out on the flat part of the 
curve and has been substantially exhausted of its performance improvement potential. If so, the 
industry requires a new operating model to provide an expanded basis for further performance 
improvements. 

 A new operating model would shift from a labor-centric basis to a technology-centric one. Digital 
technology is the foremost enabler of such a shift, potentially transforming virtually every aspect of 
NPP operations and support by combining the unexploited capabilities of digital I&C systems with 
emerging technologies for enhancing human effectiveness, thereby creating a new paradigm for the 
plant operating model. 

Such a development would draw a new performance curve and move the operating point back 
below the knee of the curve, once again enabling highly leveraged performance improvements at a 
reasonable effort, as illustrated in Figure 2. [9] 
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Figure 2. Performance improvement based on a digital transformation of the NPP operating model. 

2.2.3 Particular Concerns of the Current Operational Paradigm 

While there are a number of concerns over the current NPP operational paradigm, several stand 
out as particularly limiting in regard to maintaining a competitive presence in the U.S. electric market. 
These factors must be addressed if the operating nuclear fleet is to continue as a national energy 
source. 

2.2.3.1 Labor-centric vs. technology-centric 

NPPs have a large number of systems and components to address all electric-production and 
nuclear-safety concerns. These plants were designed back when automation was very expensive due 
to analog control technology and costly control and instrument cables. Thus, most plant components 
were designed for manual operation, whether putting them in or taking them out of service, 
repositioning them for different modes of operation, or conducting testing and maintenance. This 
resulted in large workforces for day-to-day operations compared to other forms of electric generation 
or other industrial sectors (e.g. manufacturing and process plants) in general. 

In addition to the direct cost of labor is the huge and growing cost of maintaining a competent 
workforce while worker attrition continually erodes personnel numbers and their range of skills and 
qualifications. This problem is particularly acute in the nuclear power industry, where so much of the 
technology is outdated and no longer taught in engineering and technical schools. Thus, a much larger 
burden is placed on nuclear utilities to provide training on plant systems and components, whereas 
other forms of energy generation produced through modern plant technology can rely on general 
market skills when seeking qualified, competent employees. This applies to both initial and 
continuing technical training. 

Greater reliance on human labor results in greater exposure to human error. Modern technological 
systems are orders of magnitude more reliable than human performance. Human error drives two 
kinds of costs. First, the direct cost is the consequences of whatever errors are made, such as 
decreased nuclear safety, loss of production, regulatory impacts, employee remediation, etc. Second is 
the large, costly effort to prevent human error, including specialized human-error prevention training, 
human-error prevention techniques at the job site, use of a second verifier for jobs performable by a 
single worker, etc. These types of costs are unnecessary when using automation to perform the same 
tasks. 

2.2.3.2 Highly specialized knowledge and skills needed on a part-time basis 

NPPs require highly specialized knowledge and skills driven by certain production, asset 
protection, and nuclear safety concerns. Under Nuclear Regulatory Commission (NRC) regulations, 
each nuclear facility operating license holder must maintain sufficient competency to ensure at all 
times that systems relied upon for nuclear safety meet their license-based Technical Specifications. 
This requires a deep understanding of the systems and components, along with all internal/external 
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factors affecting their ability to perform their design-basis functions. These needs span many 
disciplines and areas of expertise, thus contributing to the large number of technical staff needed to 
provide the appropriate level of analysis and technical oversight. However, due to the rarity of certain 
problems, much of this expertise is only needed on a part-time basis, thus this level of expertise is 
sometimes underutilized, depending on whether it can be shared across multiple nuclear units. Added 
to this is the cost of maintaining such a high level of organizational competence; replacing experts 
who leave their positions due to resignation, retirement, transfer, or promotion; and waiting out the 
learning curve as replacement workers gain experience in those particular aspects of the plant. 

2.2.3.3 Staff located onsite due to short timeframe requirements 

Related to the need for highly specialized knowledge and skills is the need to have this expertise 
available on a very rapid basis in order to advise on whether certain systems and components are 
capable of performing their credited functions. This is particularly true of systems and components 
subject to the plant’s Technical Specifications—systems and components that, if not fully operable, 
will cause station operators to take certain prescribed actions up to and including shutting the unit 
down and reporting to the NRC. Also, because so much of the plant is manual (meaning lack of 
remote instrumentation and other monitoring capabilities), these experts must often conduct 
observations in the field to make their determinations, thus compounding the need to be onsite—or 
available to come onsite—in a very short timeframe. Once again, this factor helps drive the need for a 
large, locally-based dedicated workforce. 

2.2.4 Industry Efforts to Reduce Costs 

Over the past decade, the nuclear power industry has recognized the need to reduce costs and 
therefore developed initiatives to achieve targeted savings in plant work activities without impacting 
nuclear safety. One such INPO-sponsored initiative, known as Industry Cumulative Impact Summary 
Report [10], emphasized that certain performance and behavior expectations had accumulated over 
time to the point of being burdensome in some situations. The initiative attempted to identify lower-
risk work situations in which these expectations could be relaxed to some degree.  

Also notable was the NEI-sponsored Delivering the Nuclear Promise initiative [11], in which 
teams from across the nuclear industry worked to identify and document industry best practices for 
reducing costs while maintaining effectiveness and quality. These best practices were issued to the 
utilities in the form of efficiency bulletins, with some, by agreement of those utilities, designated for 
mandatory implementation while others were optional. 

While these initiatives were certainly helpful in reducing costs and meeting targets, they did not 
result in positioning the industry for economic competitiveness in today’s electric markets. Because of 
the nature of initiatives, some utilities reported that the majority of the savings were “soft,” meaning 
they somewhat reduced costs for certain plant work activities but not in a way that fostered a reduced 
headcount. This was further evidence that the basic operational paradigm was constructed so work 
activities could be made more efficient, but that large categories of work could not be eliminated. 

 

2.3 Strategic Inflection Point 
Fundamental changes in the electric generation business have significant implications for the 

viability of U.S. commercial nuclear power in terms of the current business model. Many of these 
changes meet the definition of a “strategic inflection point,” as described in the following section. 

2.3.1 Concept of a Strategic Inflection Point 

In 2014, Marc Lochmann and Ian Platts wrote an article for the Society of Petroleum Engineers 
entitled “Intelligent Energy: A Strategic Inflection Point” (SPE-170630-MS). In the article, they 
discuss the concept of a strategic inflection point as applied to the O&G industry, describing it as 
follows: 
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A strategic inflection point is a time in the life of a business when its fundamentals are about to 
permanently change, where the old strategic picture dissolves and gives way to the new. That 
change can mean an opportunity to rise to new heights. But it may just as likely signal the 
beginning of the end. Companies either adopt the new ways of working or decline. This does not 
mean a catastrophic business failure has occurred; business continues but there is no going back 
if you intend to remain competitive. [12] 
 
 

 

Figure 3. Strategic inflection point concept. 

In this article, they reference Andrew Grove’s book Only the Paranoid Survive [13], which 
introduces the concept of the strategic inflection point in the context of how his company, Intel Corp., 
was forced to recognize and react to fundamental changes in the computer memory business, leading 
to a transformation of their company and business model. 

Lochmann and Platts list a number of factors that signify strategic inflection points, including: 

 10x change in an element of the business 
 Fundamental shift in the business or market 
 What your business does now can be done differently 
 What worked before does not work now 

They went on to point out that many of the changes affecting the O&G industry had the marks of 
strategic inflection points, and that the industry would need to undergo fundamental changes to 
survive in future global energy markets. One example was the introduction of shale-gas recovery 
technology (horizontal drilling and hydraulic fracturing) that led to an abundance of cheap natural gas 
and a historic decoupling of the prices for oil and gas. 

Both Grove and the authors of this article point out that strategic inflection points are not typically 
recognized when they first occur, often being dismissed as passing fads by business insiders who say 
the changes will not significantly affect business operations. Often it is only in hindsight that the total 
alteration of the strategic course of the business is recognized. That said, the sooner recognition comes 
and the business model is adjusted to take advantage of the change rather than being victimized by it, 
the greater are the prospects for survival and the sooner the enterprise can plot a new trajectory for 
business success.  

 Conversely, businesses that dismiss strategic inflection points do not experience immediate 
consequences, as the overall effect within their market is still small. However, over time, the effect on 
these businesses becomes more and more apparent as they are materially impacted by new 
developments regarding market competition or other relevant factors. 
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The authors also describe a critical point on the curve at which it becomes too late to make the 
necessary adjustments, usually because a business has reached the point of non-competitiveness and 
its cash flow is insufficient to make the needed investments to regain its market advantage. Such 
businesses, perhaps in denial, ride out their business models until they are simply no longer 
sustainable.  

2.3.2 Strategic Inflection Point for the U.S. Nuclear Fleet 

Certain factors are at work in the current energy markets that when combined, likely represent a 
strategic inflection point for commercial nuclear power in the U.S.  

 Falling market price of subsidized renewable and gas electric generation – Market prices 
are often in the low $20s/MWh [14] when renewables are plentiful, and this is well below 
the production costs of most NPPs. At times, renewables can bid at negative prices, due to 
their strong production credit subsidies. There has been a 10x decrease in the levelized 
cost of energy for renewables from over the last two decades. This is in addition to the 
subsidies and preferred dispatch. 

 Energy efficiency and new technologies such as LED lighting have significantly reduced 
load growth from what it would otherwise have been, curtailing the size of the electric 
market and increasing the competitive pricing pressure on nuclear power.  

 Open electric markets – Many electric markets are now deregulated, and NPPs cannot 
simply be put into the generation mix by the owning utility. Even for regulated utilities, 
electric prices in deregulated markets put strong market pressure on what level of electric 
rates state utility commissions will supported. 

 Devaluing of nuclear generation for baseload and ancillary services by deregulated 
markets – The contributions of nuclear as a form of large-scale, reliable, dispatchable 
generation, in addition to its ancillary services such as electric system stability and 
voltage/frequency regulation, are undervalued by the market, if compensated for at all. 
Sometimes, the market takes advantage of the difficulties involved in nuclear load 
following when these units operate at a loss during low-price periods while still providing 
the aforementioned grid-stabilizing services for free. 

 Other electric generation forms are far more technology-centric than labor-centric. Over 
time, technology is generally a falling cost, whereas labor is a rising cost (despite 
productivity gains). Technology has allowed this generation of competitors to take 
advantage of ever-expanding modes of automation.  

 Up to now, capital investment in the nuclear generation industry has largely focused on 
resolving regulatory-mandated nuclear safety issues rather than re-investing in facility 
modernization. Thus, NPPs are stuck in a business model based on 1960s plant 
technology, with an ongoing labor requirement from an era of more plentiful, less 
expensive technical skills and knowledge. 

 Shrinking nuclear supplier base – As the nuclear industry continues to rely on declining 
technologies with little market value in other industrial sectors, it is increasingly difficult 
for qualified nuclear suppliers to continue these product lines without imposing 

substantial cost premiums. This has been exacerbated by the closure of some nuclear 
units, shrinking the market for qualified nuclear products and services even further. There 
is likely some minimum number of operating units below which the supplier market 
decline would greatly accelerate, followed by untenable price increases for the remaining 
operating units. 

The combination and confluence of these factors signal a strategic inflection point for the U.S. 
nuclear operating fleet, something first evident around 2010. This is when nuclear units began to be 
excluded from auctioned markets as more renewables and gas-generation projects came online. 
Notwithstanding government subsidies and preferences, the nuclear units were unable in some cases 
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to compete head-to-head on the basis of price, due to the cost structure embedded in the current NPP 

business model. As mentioned, industry worked to reduce costs within the same business model, but 
this was insufficient to alter the basic competitive reality. 

One strategy pursued by some nuclear operators was to obtain certain operating subsidies on the 
basis of nuclear’s importance to local and state economies—particularly in terms of the number of 
jobs they supported and the tax revenue collected from those facilities. Another important 
consideration was its contribution to carbon-free energy production. These efforts have been 
successful in several states and fended off the premature closing of a number of nuclear units. 
However, these subsidies are finite, with no assurance of being extended; so, at best, they are 
temporary measures to bridge to a future time when nuclear generation can be competitive without 
them. 

As suggested in the strategic inflection point model and business theory, to survive in such a 
business climate requires transitioning to a business model or paradigm that harnesses new realities 
rather than dismisses them. The clear, lasting solution would be a business model that is cost-
competitive on its own (in light of all reasonable market forecasts) and sustainable on an ongoing 
basis. Properly formulated, it could address each of the factors contributing to this strategic inflection 
point. 

Additionally, a partial solution lies in finding new markets for nuclear-generated energy that offer 
inherent advantages for large-scale, carbon-free energy sources. This concept, known as “integrated 
energy systems” [15] is currently being developed through the LWRS Program with several nuclear 
utility collaborators. In particular, NPPs have a natural advantage in producing both electricity and 
heat used in high-temperature electrolysis to efficiently create hydrogen. There is an emerging market 
for “clean” hydrogen, meaning hydrogen produced via a carbon-free process. Other innovative uses of 
nuclear energy to produce useful products exist, ranging from fertilizer to synfuels—all in a carbon-
free process. 

Taken together, these two solutions create a powerful combination of market opportunities that 
would ensure a very bright future for the U.S. operating nuclear fleet. 

2.4 The Need for a Transformed Business Model 
The combined effects of economic headwinds, diminishing returns in innovating the current 

business model, and the onset of a strategic inflection point for nuclear generation all point to the need 
for a transformed business model for nuclear generation—one that is technology-centric rather than 
labor-centric and simultaneously resolves current concerns over obsolescence. 

It would be a great mistake to simply automate the current business model and thereby perpetuate 
business practices founded on manual, paper-based work processes. This would limit the full value 
and capabilities of digital technologies to just what is useful for automating heretofore manual work 
activities. While this is less disruptive and risky in the short run, it precludes more fundamental 
innovation for dramatically improving business performance and efficiency. One example that has 
already gained some acceptance is surveillance testing. A utility could improve the testing efficiency 
with smart procedures and work packages in a variety of ways. Or human involvement could be 
eliminated entirely by implementing advanced digital monitoring systems that conduct surveillance 
automatically and continuously.  

That said, change cannot be disruptive to the point of being of detriment to nuclear safety and so 
it must be implemented in a deliberate, measured way.  

2.4.1 Critical Characteristics of a New Operational Paradigm 

The following are critical characteristics of a new operational paradigm that is both technically 
and economically viable as well as sustainable: 

 Each NPP has the minimum staffing needed to carry out normal and routine plant 
operation and support activities plus address emergency situations. All other work needs 
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are staffed for authorized work items on an augmented basis and only for the duration of 
the work. These resources are shared at the nuclear-fleet, corporate, or industry level. 

 Work activities are reduced to the minimum for sustaining safe, prudent operations, 
eliminating those that do not add value to core business outcomes. Automation is used to 
eliminate workload requirements wherever feasible. Technology is used to assist multi-
skilled plant workers in areas where human expertise and skill are still needed, enabling 
higher work efficiency and reducing human error. 

 A virtual plant support organization provides needed services and expertise on a part-time 
basis. Some of these functions are maintained within the utility if they are needed on a 
full-time basis. If not, they are outsourced to third-party service providers so costs are not 
incurred needlessly. The virtual organization uses advanced remote collaboration 
technologies to interface to plant functions and work activities just as seamlessly and 
effectively as if they were onsite. 

 Plant maintenance and testing activities are organized in blocks or campaigns to 
consolidate work for augmented crews coming onsite to perform specific types of 
activities in the most cost-effective manner possible. Only urgent and minor types of 
maintenance and testing are performed on a short-term basis. 

 Information is seamlessly shared across work activities, with no reentry or reformatting of 
data necessary. Data processing, data analysis, data reporting, and performance assurance 
activities have been largely automated using a common information model and AI 
technology. Information is continuously available on customized dashboards suited to 
specific work activities and management purposes with drill-down capability for deeper 
understanding. All cybersecurity concerns are effectively mitigated. 

The new operational paradigm or business model must be formulated and sized to be competitive 
in future electric and/or derivative product markets. It must deliver dependable electric generation 
while adhering to all nuclear safety requirements and complementing the operational demands of a 
dynamic electric grid with a growing renewable component. It must be adaptable to future business 
opportunities and environments over a second—possibly even a third—operating license renewal 
period. Finally, it must continually represent a superior electric generation option and source of clean 
energy. 

2.4.2 Timeframe for Transformation 

Given that some nuclear units have already permanently closed down as a result of being non-
competitive, the need for this transformation could be immediate, depending on the specific case. 
Other units remain in a reasonably favorable situation and therefore have more time to restructure. 

However, it will take time to fully realize this transformation. A five-year period to substantially 
implement it—with some functions taking longer—should be possible, depending on at least two 
major factors: (1) the continually falling price of renewables and (2) the possible expiration of electric 
rate subsidies granted by some states to keep their NPPs operating. Both point to the need for NPPs to 
compete in future electric markets all on their own, without being subject to changing public and 
political opinion. On the positive side, development of integrated energy systems such as hydrogen 
production could lead to an important role for nuclear generation in helping complement renewable 
energy.  

Another consideration reflects the aging nuclear workforce. Utilities would prefer not to have 
layoffs, and there will be opportunity to attrite the workforce through retirements over the next five 
years if the transformational improvements can be brought online in a coordinated fashion. This 
would minimize the human toll resulting from such a transformation and help ease (the plants or the 
industry) into the new business model. 
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2.4.3 Associated Industry Restructuring 

Transformation of the nuclear business model will inevitably lead to business opportunities for 
nuclear industry suppliers in terms of providing technical services on an as-needed basis. Indeed, 
these types of services have always been a component of industry support, but here there might be 
new areas of service heretofore performed mostly by utilities in-house. For example, there are a 
number of successful instances in which industry suppliers—particularly for large nuclear steam 
supply systems—provide specialized services during outages, such as refueling operations or steam 
generator eddy-current analysis. In the future, the entire outage management function could be 
outsourced, including the year-round planning and preparation. This would be in keeping with the 
philosophy of staffing only for normal at-power operations. 

There could also be some new service models in which suppliers relieved utilities of certain 
capital investments via lease arrangements, and in which suppliers assumed certain risks in exchange 
for performance incentives. The above example of outsourcing the entire outage management function 
would be a suitable candidate for such an arrangement, capping the utilities’ risk of cost and schedule 
overruns, while providing appreciable incentives for on-target or superior performance. 

Similar types of arrangements could emerge through nuclear operating company alliances. 
Selected organizational functions that might fit the criteria for third-party on-demand service could be 
pooled among the members of an alliance to create a cost-sharing arrangement less expensive than 
maintaining the equivalent capability within each operating utility. Prioritization of needs based on 
operational and regulatory urgency would need to be worked out. However, it is possible that such a 
pooled service could be more technically effective, with experts being exposed to a greater variety of 
issues and problems across the entire alliance. 

To some degree, all these opportunities might result in an industry restructuring in which nuclear 
utilities no longer staff in-house technically complex functions outside normal plant operations. 
Rather, they would rely on trusted suppliers to perform these functions on an as-needed basis through 
advanced collaboration technologies that enable them to work as seamless extensions of the baseline 
organization. They would be authorized to use the same information network and work process 
applications as the utility. In time, the industry might evolve into using standard application interfaces 
that essentially enable suppliers to be “plug and play” directly with their utility clients, rendering 
company-specific interfaces unnecessary. 

2.4.4 Precedence for the Transformation 

Nuclear utilities are understandably risk-adverse in making large changes to how they operate and 
maintain NPPs. This is due to nuclear safety considerations, regulatory requirements, and electric-
generation production expectations. The current business model has been quite successful in guarding 
these outcomes, despite the market challenges these utilities now face. 

However, as described in the preceding sections, there is a compelling rationale for why business 
model transformation, as opposed to continued incremental improvements, is now required. Still, this 
cannot and would not be undertaken unless these risks can be well-managed and, very importantly, 
the individual components of the transformation are affordable and provide suitable returns on 
investment. Further, the nuclear power industry does not like to be the first to attempt new ways of 
working, preferring instead that other industries first demonstrate successful transformations and 
resultant business success through the new ways of working. At a minimum, such assurances would 
require: 

1. A proven methodology grounded in business and scientific principles 

2. A proven track record of success 

3. Phased implementation to ensure success and stability at every step of the transformation 

4. A highly effective change-management plan and practices. 

Fortunately, there are notable examples of industries being forced to make these kinds of 
fundamental business model transformations as a matter of survival—and succeeding. One such 
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example is the concept of IO, introduced into the North Sea O&G industry a couple of decades ago 
when the profitability of operating their fields was severely threatened by low global petroleum prices 
and the high overhead of operating offshore O&G platforms. This effort resulted in significant 
changes to how these oil fields were operated, enabling the industry to continue to profitably operate 
their platforms. This has remarkable parallels to the U.S. commercial nuclear industry, as described in 
the next section. 

3. Integrated Operations 
As mentioned in the preceding section, IO was the driving concept behind the renewal of the 

North Sea O&G industry. While this concept was developed and deployed by the petroleum operating 
companies themselves, they were substantially supported by Norway’s IFE in developing 
methodologies and other resources. IFE has a rich history in researching nuclear operations, 
automation, and human factors and is a long-term collaborator with the LWRS Program. This 
relationship provides a direct pipeline of applicable knowledge and experience. 

Also, following the success of the North Sea O&G industry, IO has been adopted by a number of 
other industrial sectors, including other offshore oil operations, transportation, communications, and 
mining companies. It has become something of a discipline in and of itself, with a large body of 
research and operating experience publications from these adopters and from research and academic 
organizations. 

Moreover, there are strong parallels between the North Sea O&G industry and the U.S. nuclear 
industry in terms of a high embedded cost of production unsupportable by the market price of the 
energy product. Other parallels include being safety-critical, capital-intensive industries. These factors 
create difficult barriers to modernization, even if it is key to economic survival. However, IO has 
proven a successful path for revitalizing the North Sea O&G industry, and it holds similar promise for 
the U.S. nuclear industry. 

3.1 Background on Integrated Operations 
The following sections are excerpted from a report prepared by the Institute for Energy 

Technology entitled Lessons Learned from Integrated Operations in the Petroleum Industry, IFE/F-
2019/079 [16], providing background on IO and discussion of the parallels to the U.S. nuclear 
industry. The full report is found in Appendix A and citations for text excerpts and figures used in this 
report are found there. This report defines IO as: 

“Integrated operations (IO); refers to the integration of people, disciplines, organizations, and 
work processes supported by information and communication technology to make smarter decisions. 
In short, IO is collaboration with focus on production.” 

The concept of IO was developed primarily by international O&G industries in response to 
decreasing revenues and increasing O&M expenses. They were seeking ways to continue the safe 
operation of critical and complex offshore O&G platforms while minimizing costs. Other industries 
utilizing IO include the mining industry, but our focus is on insights gained from O&G industries—
particularly those involved in drilling and production on the Norwegian Conventional Shelf (NCS).  

The IO concept is based on the availability of new technology—especially increased bandwidth—
allowing for new work forms and the sharing of data/information across great distances. 
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Figure 4. Concept sketch showing real-time data and communication as a basis of onshore support for 
offshore production and drilling installations.  

IO is an approach for solving the challenges of having personnel, suppliers, and systems located 
both offshore and onshore as well as in different countries. IO is about removing the physical 
boundaries between people, making real-time cooperation across continents possible (Figure 4). IO 
involves using real-time data and new technology to remove the divides between disciplines, 
professional groups, and companies. It is about how information technology that makes remote 
operations possible can form the basis for new, more effective ways of working. Real-time transfer of 
data over long distances can eliminate the physical separation between installations at sea and support 
organizations onshore, between different professional groups, and between oil companies and 
suppliers. 

When working across professional boundaries and exploiting real-time data and technology for 
removing such divisions as time and place, the aim is to ensure better value-creation for the future. 
Some of the benefits of IO are as follows: 

 Improved occupational health and safety 

 More efficient operations 

 Better reservoir and production control/optimization 

 Better monitoring of equipment and more efficient maintenance 

 Better resource exploitation 

 Increased regularity (uptime) 

3.1.1 North Sea Oil and Gas Industry Experience 

The Norwegian oil industry has a long history of cooperation. In autumn of 2004, the Norwegian 
Oil Industry Association (OLF) decided to implement an industry-wide IO program in the form of a 
new self-service concept for remote, real-time management of O&G fields on the NCS. The decision 
was based on recommendations from a feasibility study indicating that IO could reduce operating 
costs by 20–30% and accelerate production by 5–10% through:  

 Improved decision-making and work processes via IO implementation and the transfer 
of operations to virtual operation centers onshore  
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 IT solutions that support remote, real-time management of drilling operations, 
reservoirs and production facilities, maintenance, and logistics. 

The program’s main goals were to establish a common digital infrastructure for Norwegian 
offshore facilities, industry-wide information security requirements for accessing this infrastructure, 
common standards for transferring data from offshore operations to virtual operation centers onshore, 
best practices for remote and real-time management of O&G fields, and a knowledgeable industry 
supportive of IO.  

The value potential of IO was estimated in the form of increased recovery rates, increased and 
accelerated production, and reduced costs. The estimates are based on documented results from 
implementing IO measures in comparable fields, as well as conservative estimates of the effects of 
measures yet untried. 

In total, this gives a realistic estimate of IO’s value on the NCS. The effects of IO will create 
added value in regard to those measures upon which the fields based their cost development and 
recoverable reserve estimates. It is this added value that has been quantified.  

The value potential estimate was based on information made available to the project from the 
operating companies. The information mainly consisted of forecasts reported to the Norwegian 
Petroleum Directorate, forecasts for operating and capital expenses and field-specific information 
submitted in meetings with field management. 

The study concluded that IO represents a potential net present value (NPV) of U.S. $40 billion. 
The basis for the estimates was a discount rate of 7% and the price trajectory indicated in the national 
budget (NB2006), which was based on an oil price of $55 per barrel—a price that fell to $34 per 
barrel in 2015.  

The main contributor to the potential value is accelerated production resulting from increased 
reserves and production optimization. The total reserve increase equals a large new field on the NCS. 
Costs associated with realizing this value were estimated at $2.5–3.5 billion (NPV) over a 15-year 
period. 

Realizing these values was assumed to be dependent upon aggressively implementing IO on the 
NCS. If the companies cannot carry out this implementation rate, the values would be significantly 
reduced. If the companies choose a slower but focused implementation strategy, the IO’s value will be 
$25.6 billion (NPV)—$14.4 billion less than the estimated potential value. Costs related to such an 
implementation are estimated at $2.9 billion (NPV).  

3.1.2 Continuous Development of the IO Concept 

In autumn of 2005, a work group established by OLF—along with representatives from major oil 
companies, licensing authorities, and Norwegian energy research institutes such as Halden—delivered 
a report that became the guidance for implementing new work practices. The report established 
scenarios for the implementation and predicted that IO would most likely be implemented in two 
stages: Generation 1 (G1) followed by Generation 2 (G2) processes (Figure 5). Both generations were 
assumed to be game-changers for existing work processes. 
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Figure 5. OLF prediction for the two steps in IO implementation. 

The following sections describe the progressive development of IO practices over the years. 

3.1.2.1 Traditional practices  

Changes to traditional practices were already seen in 2005 due to the burgeoning implementation 
of G1 processes, but prevailing practices still had limited focus on integrating work processes across 
disciplines, between onshore and offshore facilities, and across companies. 

Description of traditional practices: 

Generally speaking, most operational decisions are made offshore, in isolation or with limited 
support from experts onshore. Plans are relatively rigid and primarily changed at fixed intervals. The 
organizational structure is traditional, meaning that personnel onshore and offshore belong to several 
different units with different goals and key performance indicators. Plans were made and problems 
solved in a fragmented manner. Basic as well as advanced education/courses aimed to develop 
disciplinary specialists, not professionals with a good understanding of value chains and work 
processes. IT systems were specialized, and it was difficult and time-consuming to gather the data 
necessary to optimize the processes. Existing practices supported integrated work processes to a 
limited degree. 

3.1.2.2 First-generation IO (G1) processes 

By mid-summer of 2019, not many fields still operated based on the traditional practices. A major 
shift had taken place when Equinor (formerly Statoil, by far the biggest operator on the NCS) 
implemented a new operation model in the summer of 2009. Most main features of work practices 
forecasted in the integrated work processes report were implemented or are currently under 
implementation. The same is true for the other operators on the NCS, though to a slightly varying 
degree. Practices to be implemented were assumed to differ from company to company, but common 
to all were the following:  

 They are built around onshore centers closely integrated with offshore operations through 
collaboration facilities and solutions that secure personnel onshore/offshore access to the 
same information at the same time, thereby facilitating real-time collaboration.  

 The centers are staffed by professionals with the competencies necessary to manage the 
field(s) in question and make the necessary decisions. 
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 For some areas such as drilling, onshore support is available 24/7; for others, normal work 
hours apply (e.g., 6 a.m. to 6 p.m.).  

 Personnel both onshore and offshore can monitor operations in real-time, compare actual 
data with simulations, and identify operational as well as safety-related problems.  

 Professionals in the onshore centers can carry out “what-if” analyses, discuss the 
consequences of various decisions, integrate activity plans, and communicate with 
personnel offshore through high-fidelity audio/video systems and portable computers to 
learn what can be done to further optimize operations, integrate plans, and avoid or solve 
problems affecting production, costs, and safety. 

 The team was delegated the necessary authority to make decisions.  

Implementations of these practices—termed “G1 integrated work processes”—were expected to 
lead to relatively simple but profound changes to traditional work processes. 

3.1.2.3 Second-generation IO (G2) processes 

Implementation of G2 IO is expected to lead to closer integration of operator/vendor work 
processes and—most importantly to the fields—development of “digital services” (i.e., operational 
concepts based on delivering a large portion of the services required to operate a field “over the net”:  

 A typical O&G field will then be operated by personnel located in operation centers 
belonging to both the operators (oil companies) and vendors.  

 The vendors will take over some of the daily work and decision-making processes earlier 
carried out by the operators (e.g., monitoring, analyzing, and optimizing tasks) and will 
digitally deliver services to the operators in real-time “over the net.”  

 Personnel offshore will be informed and advised when anomalies or alarms are registered.  

 Personnel offshore will still take overall responsibility for operating the fields on the NCS 
and will make the necessary decisions to handle anomalies or alarms. 

The centers will be operational 24/7 and, to avoid information overload, make extensive use of 
tools for automatically filtering information and automating processes and decisions. Advanced 
automatic optimizers will, for example, manage daily production safely and efficiently.  

The teams that staff these centers will be geographically dispersed across Norway and around the 
world, carrying out tasks in accordance with “follow the sun” principles. The team members will have 
full access to required information, tools, services, and each other through advanced decision-support 
and collaboration tools. To ensure that team members collaborate efficiently, goals will be well-
aligned and performance measured according to the same key performance indicators. This will have 
a major effect on key work processes.  

 

3.1.3 Adoption by Other Industrial Sectors 

The petroleum industry pioneered IO and established its scientific and theoretical base through a 
plethora of studies and reports. Based on these studies, other industries adopted IO methods and 
processes to improve their safety, productivity, and profitability. The mining industry is a good 
example of how IO can be adapted to a unique situation. 

The mining industry is in a position similar to that of the O&G industry, with lower productivity, 
reduced quantity and quality of the product (ore) and increasing labor costs all challenging its 
economic viability. They were looking for a new outlook/approach to generate solutions. Many large 
mining companies adopted the IO model, both to transform existing mines and develop green field 
projects.  

A good example of how one mining company applied IO is found in the Australian mining giant, 
Rio Tinto. Over 10 years ago, they kicked off their Mine of the Future program and, alongside it, an 
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operations center in Perth, Australia for the company's iron ore business. Rio Tinto's iron ore business 
includes 16 iron ore mines, 1,500 km of rail, three ports, three power stations, and a water and sewer 
system spanning a large geographic area. 

Combined, its operations generate 2.4 terabytes of data every minute from hundreds of pieces of 
mobile equipment and sensors providing real-time location and condition monitoring. Rio Tinto's 
former CEO, Sam Walsh, said the company's operations center revolutionized how the industry 
approaches integrated mining, turning 16 individual mines into one integrated mining processing and 
logistics system controlled by operators 1,500 km from the physical sites. 

Ten years ago, Rio Tinto introduced fully autonomous haul trucks as the first step in its Mine of 
the Future program. The autonomous trucks reportedly lowered fuel use by 13%, reduced accidents, 
and eliminated the need for workers to be stationed in remote areas. 

Emphasizing the necessity of considering any transformational effort in the context of four critical 
areas (process, technology, people, and governance), Walsh said, quoting Bill Gates, "The first rule in 
any technology used in a business is that automation applied to an efficient operation will magnify 
that efficiency. The second rule is that automation applied to an inefficient operation will magnify the 
inefficiency.” 

As another example, the airline industry utilized elements of IO to improve business safety, 
efficiency, and profitability. Major airlines rely on IO Centers to manage scheduling, weather 
forecasting, booking, and maintenance. Some engine suppliers implemented online performance 
monitoring to predict engine failure via advanced algorithms and big-data models. Using these 
predictive models enables preventive maintenance based on the condition of the engine rather than on 
a fixed schedule. This improves the economic and safety performance of the fleet. 

3.2 Parallels to the U.S. Nuclear Industry 
Increased productivity and value creation through IO implementation basically boil down to 

designing custom capabilities that contribute to more efficient work execution. The enabler for IO is 
data communication and digitalization, allowing one to work remotely with more efficient tools. In 
principle, this opportunity is the same for all industries, but different industries operate under various 
environmental frame conditions, regulatory regimes, and business cultures that can make it easier or 
more difficult to realize gains. In this regard, it is clear that Norwegian offshore O&G production and 
U.S. nuclear electricity generation have more similarities than disparities. 

 

 

Figure 6. (Left) Xcel Energy’s Prairie Island Nuclear Generating Station, Minnesota. (Right) 
Wintershall Brage oil production platform, Norwegian Continental Shelf. 
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There are obviously differences in environmental contexts, production processes, and the physical 
layouts of the plants (Figure 6). The physical design of an oil platform is very much about saving 
space and weight, but formal requirements for the design process and approved equipment are not so 
different from the case of nuclear power. Note that human factors and work system standards and 
guidelines applied by the Norwegian O&G industry were mainly inherited from the nuclear domain. 

3.2.1 Continuous Operation Production Facilities 

Not surprisingly, there are a few differences in management structure and craft disciplines, and 
seemingly little difference in how maintenance is organized and work tasks are divided up and 
performed by I&C (automation), electricians, and mechanics.  

Both drilling and production rigs operate 24/7, with a focus on minimizing downtime and/or 
reduced production. This matches the goals of a typical NPP. In addition, both industries have very 
precise maintenance and outage repair windows for maintaining major equipment, installing new 
equipment, and performing tests. Planning and scheduling are absolutely critical for executing work 
and avoiding impacts to production and safety limits. 

3.2.2 Geographically Distributed Production Sites 

Both oil/gas offshore platforms and NPPs are geographically dispersed from corporate 
headquarters and population centers due to being on the oil/gas fields or requiring suitable site 
features (land, water source) to support nuclear operations and related facilities. In both cases, 
production at the company or fleet level cannot be geographically consolidated, and substantial 
infrastructure is needed at each production facility. 

3.2.3 High Safety and Environmental Risk 

Due to the high consequence of failure—illustrated by accidents such as Three Mile Island, Piper 
Alpha, and Deepwater Horizon—both industries have zero tolerance for accidents or personal injury. 
Safety requirements and the technical complexity of process control systems are high; accordingly, in-
house competencies and capacities in these areas must be maintained at a high level. Delving further 
into this area, both industries feature similarities in: 

• Safety planning 

• Risk detection 

• Operational safety focus 

• Procedural control and alarm handling  

• Emergency training 

These industries also share similarities in how they go about their day-to-day operations. 
Centralized control rooms in both industries have similar functions and functional divisions, and their 
ways of conducting monitoring, alarm-handling, and process control are much alike (Figure 7). 
However, the high degree of digitalization in NCS control rooms gives each operator better situational 
awareness, eliminating the need to populate the central control room with more than the typical 
maximum of 4–5 operators for large installations, and possibly as few as two operators for the most 
modern installations with a high degree of automation.  
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Figure 7. Illustration of a typical U.S. nuclear plant control room (left) and a modern petroleum 
control room (right). 

3.2.4 High Level of Technical Expertise and Technology Required 

While the technologies and related technical expertise involved are considerably different, both 
industries rely on advanced technologies that require considerable organizational technology-
management competencies. The O&G platforms are involved in deep-water drilling, constructing and 
maintaining all facilities that bring the oil/gas to the surface, then transporting it to shore.  

Nuclear power generation is also highly technology-dependent, with large nuclear reactors, 
sophisticated control systems, and numerous other engineering and scientific challenges. 

3.2.5 Performed in Potentially Challenging Situations 

Petroleum products are highly volatile and pose a danger to the crew and platform. Additional 
danger is presented by the drilling and production equipment used during operations. Further, the 
platforms themselves are located in a dangerous environment, with storms and other challenges due to 
being isolated in the North Sea—in some cases, even above the Arctic Circle. 

Similarly, NPPs must manage numerous dangerous hazards, such as high-energy steam piping, 
radioactivity, nuclear contamination, chemicals, and high-voltage power. Engineering controls and 
worker protections are integral to all work practices in both industries. 

3.2.6 Public and Regulatory Scrutiny 

Both industries are highly regulated in terms of protecting public safety and health, not just 
employees and facilities. In addition, various regulatory requirements provide environmental 
protections against oil spills and radiation release. 

 Both industries have been shaped by notable accidents: Deep Water Horizon for the O&G 
industry and Three Mile Island for nuclear power. In fact, two other consequential NPP accidents—
Chernobyl and Fukushima Daiichi—also entailed regulatory responses and shaped public opinion, 
despite not having occurred in the U.S. 

These accidents made the public very wary of environmental concerns regarding everything from 
offshore drilling and petroleum production to the location and acceptability of NPPs. The pending 
shutdown of the Indian Point nuclear plant is largely due to eroded public and political support as a 
result of being in such close proximity to New York City. So, for both industries, regulatory 
performance and positive public relations must be ensured in all aspects of operations. 

One notable difference between the two industries is the U.S. nuclear industry’s voluntary self-
assessment and standards re-enforcement through its development and sponsorship of INPO, later 
expanded to a companion international organization known as the World Association of Nuclear 
Operators. Rapid reaction to operating experience across the nuclear industry, along with industry-
wide adoption of best practices, has resulted in unparalleled safety and production achievements for 
the U.S. nuclear industry. In fact, the O&G industry pointed to this as something that was lacking in 
their industry following the Deep Water Horizon accident. 
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3.2.7 Challenged by Market Conditions 

The price of oil as a worldwide commodity is subject not only to market forces but also 
geopolitical events that threaten the supply. In fact, the supply is artificially set by national and cartel 
organizations by simply varying their production rates. The cost of production, and therefore the 
operating model, for any operator must generally be within the market price—at least over the longer-
term—not withstanding some temporary low-price fluctuations resulting in an oversupply. 

Nuclear generation over the past two decades has been increasingly subjected to similar market 
forces, such as the abundance of cheap shale-gas generation and, at times, oversupply of subsidized 
renewable energy with mandated priority in the market due to political actions. While there have been 
state-level rate subsidies for certain operators in recent years, nuclear power must be able to compete 
on its own to be economically viable over the long-term. Improvements in energy storage, such as 
high-capacity batteries, will enable deeper penetration of non-dispatchable renewables into the 
electric generation mix, thereby eroding the need for baseload and back-up power generation such that 
provided by NPPs. 

An additional similarity between the two industries is that they are capital-intensive and require 
long investment-recovery periods. It is very difficult to attract investors in light of these market 
conditions, with no way to accurately predict the price of the product over the long-term, due to 
emerging energy technologies, political changes, and environmental concerns. Again, a lean, low-cost 
business model is the best hedge against erosion of the value proposition for these long term-
investments. 

3.3 Integrated Operations Key Operational Concepts 
The following section describes the key operational concepts of IO that are considered 

transferable to the U.S. nuclear industry in developing a transformed nuclear operating model. It 
should be noted that the nuclear industry has experience with each of these concepts—at least on a 
limited basis. However, they have not been exploited to their full potential as envisioned in IO, nor 
have they been combined to enable a transformed operating model for nuclear generation. 

3.3.1 Collaboration  

The most visible aspect of IO is its collaborative environment: a suite of rooms customized to 
support real-time communication and information exchanges between two or more locations. All 
companies operating on the NCS today have built collaborative environments in which groups use a 
single information source and real-time communications capability for joint decision-making.  

However, not all these environments are equally successful at delivering benefits. Many 
companies derive some value by effectively collaborating in single-discipline (vertical) operations 
such as well-integrity or rotating-equipment monitoring. Verticals also scale well across assets. 
However, succeeding at cross-discipline (horizontal) operations such as maintenance is far more 
challenging, requiring coordinated actions across multiple disciplines and physical locations.  

In developing its IO-based model, Equinor (formerly Statoil) established a vision for the 
organization, along with concrete objectives for how future operations should be carried out. 
Conceptual frameworks utilizing the underlying mechanisms behind the new work methodology are 
depicted in Figure 8. 
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Figure 8. General development and digitalization change how work is performed. 

3.3.2 Staffing According to Activity 

Activity-dependent staffing means that resources for larger activities such as drilling and projects 
are provided by a resource pool or other parts of the company. Typically, such pools deliver skilled 
workers for activity-controlled staffing. The resource pool manages the company’s competencies 
within selected subject areas.  

The same concept is used to ensure resources for planned maintenance across different platforms 
in a given area. Establishing a pool of maintenance resources can effectively reduce maintenance 
backlogs in prioritized areas. Coordinated prioritization across fields ensures that maintenance 
resources are fully utilized in their respective operating areas. This way of prioritizing resources must 
be based on regularity and maintenance analysis.  

For the start-up of new systems or green field installations, it is effective to plan according to a 
fixed minimum staffing along with additional start-up staffing that will gradually be reduced once 
production stabilizes.   

3.3.3 Campaign-Based (Block) Maintenance and Modifications 

Campaign-based maintenance is a resource-effective way of handling planned and preventive work. 
Examples include carrying out major activities such as drilling or projects, as well as applying extra 
resources due to audit shutdown, extraordinary training, etc. The need for additional staffing should 
be assessed and approved as part of the decision to carry out the activity. Simplified Maintenance  

One major NCS operator implemented the promising concept of increased flexibility in 
performing low-risk, low-complexity maintenance. This was done, in part, to reduce bureaucratic 
involvement in planning, starting, and finishing such work. By identifying short-duration, low-risk 
jobs and then running them through a simplified work process, time can be saved in each 
administrative phase of the job.   

3.3.4 Multi-Skilled Staff 

There are many situations in which multi-skilled workers can considerably contribute to 
operational efficiency. Several IFE projects for a major NCS operator—projects involving function 
reallocation and workload studies—identified numerous situations in which the combination of field 
operators, I&C, and electrical disciplines offers potential efficiency gains.  

However, earlier attempts at cross-training in an NCS-company developing the so-called PEMA 
(process, electro, mechanics, and automation) operator stalled due to lack of industry-wide 
agreements and the challenge of re-training within multiple disciplines. To make the solution work, 
the implementation requires a sufficient volume of replacement personnel in case of turnover and 
sick-leave. Combining only two disciplines is easier and would give a lot of flexibility in utilizing 
staff for day-to-day work; even then, training and updating competencies within multiple crafts would 
take more time than desired.  
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The solution may lie in differentiating between “multi-craft” and “multi-skilled.” The concept of 
“multi-craft” training would be defined as being a Journeyman in one trade and achieving 
Journeyman status in another trade, whereas “multi-skill” training would be defined as being a 
Journeyman in one trade and merely adding limited additional skills from another. Obviously, the 
investment in time and resources for multi-craft training is far greater than for multi-skill training. In 
addition, the difficulties in maintaining proficiency are far greater for multi-craft training, and this 
could negatively impact both safety and productivity. It appears that most organizations are moving 
toward multi-skill training. 

Analysis has shown that field operators on a modernized production platform will have 
approximately half their time available for emergent tasks. Given the fact that a high proportion of 
field operators on the NCS have Journeyman papers from either the mechanics, electro, or I&C 
disciplines, many of these operators possess the competence to perform many work tasks within their 
secondary disciplines without the need for continuous updating of competencies and training. 

3.3.5 Offsite Monitoring by Equipment Vendors 

Using their own servers, the on-board computer network, and onshore fiber-optic cable, third-
party suppliers can log in to offshore equipment from their own offices. This enables condition-based 
maintenance and the ability to troubleshoot errors or provide remote support, potentially resulting in 
significant savings. From the office, one can solve software errors and discover user errors without 
traveling offshore. In the case of equipment failure, one can determine the problem and what parts 
need to be included for service assignments offshore. This means there is no waiting offshore for the 
right part to be sent out. There will be fewer trips with shorter stays using this technology. 

Despite increasing examples of successful multidisciplinary operation centers, business incentives 
for closer integration with vendors, along with vendor monitoring of equipment, are not strong 
enough to achieve a breakthrough in the industry. Successful examples (e.g., valve monitoring) are by 
no means widespread. Instead, we have seen a steady build-up of analytic capabilities to handle 
equipment-condition monitoring within the O&G companies’ onshore operation centers. For Equinor, 
this monitoring capability is the driving force behind their ongoing digitalization programs.  

It is reasonable to think that success stories of third-party remote monitoring are strongly 
connected to how operator companies establish incentives. Remote monitoring will reduce 
unnecessary offshore waiting times in regard to parts, work packages, and dependency on other jobs. 
The result is reduced costs and fewer offshore days for the operator company. But how will this affect 
the supplier? It is common for offshore working hours to be invoiced according to so-called 
“reimbursable contracts.” By working more efficiently and having fewer staff offshore, contracting 
companies miss out on a possible profit opportunity. Experience shows that, to establish sustainable 
models based on this concept, the operator and supplier must together invest considerable capital 
funds in establishing the operation centers. Since operation from the supplier's center can also entail a 
contractual lock-in for the oil company, a great deal of trust between parties is required.  

3.3.6 Bring the Problem to the Experts 

Traditionally, O&G companies (operators and service companies alike) kept all their expertise in-
house and categorized into asset organizations. The traditional organizational model of having one 
individual expert assigned to each asset is not very efficient because, at any one time, an 
inexperienced individual may be struggling a given problem while an experienced individual is 
rotated to an asset team in which the problem occurs very rarely. This model fails to make effective 
use of the company’s expertise. 
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Error! Reference source not found. 9. The basic principle behind IO. (Left) An illustration of self-
supported fields. (Right) Shared expertise across fields. HRM, SS, etc., are different functional areas.  

In considering the staffing impact of changing the operating model (see Figure 9), an example is 
referenced from an unpublished IFE study performed for a major NCS operator, with the as a 
functions of the company being reorganized according to the right sides of Figure 9. The study 
estimated the overall manning needs of a new offshore installation. A total of 13 different in-house, 
onshore support centers were identified as delivering services to the particular offshore installation. 
The centers were spread out over seven different geographical locations throughout Norway. In the 
study, 70 different specialized competencies or functions were identified Of the different 
competencies, 51 were given time estimates regarding their level of support to the specific offshore 
installation. The total delivery to the offshore installation from these 51 competencies was 
approximately 30 Full-Time Equivalents (FTE), ranging from 0.1 to 2.2 FTE per discipline. Since six 
of the 51 competencies delivered more than one FTE, the minimum number of people involved in 
support delivery had to be 57. Using IO and changing from a traditional self-supported field to expert 
centers (again, see Error! Reference source not found.), resulted in a theoretical savings of 27 FTE. 
However, this theoretical savings would be reduced for competencies delivering only a fraction of an 
FTE and for those that could be rotated between fields or locally serve multiple offshore installations 
by the hour.  

3.3.7 Collaboration between Operators and Contractors 

A major challenge for realizing the improvement potential is the contractual relationship between 
the contractor and the oil company. Issues include:  

 Lack of key performance indicators (KPIs) and incentives to support the desired work methods 
 Few initiatives for local middle management to adopt new ways of working with contractors 
 Incompatibility of IT systems and collaboration technology  
 Disagreement over who will bear the cost for establishing the collaboration solutions 
 Lack of contractor culture of innovation regarding their business models  

One idea for overcoming these challenges is to incentivize contractors to deliver more services in 
accordance with IO principles. To succeed this holistic approach, all success criteria must be fulfilled. 
In addition, the holistic perspective must transcend contractual barriers between parties. Operators 
must take the lead in creating an environment of trust in which innovative IO-based delivery models 
are valued. Contractors must be able to differentiate themselves by proposing new ways of working 
and collaboration to create win/win situations. KPIs and compensation models must be adopted and a 
shared improvement agenda established. 
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3.4 Integrated Operations Method 
The following are the four key steps in applying the IO method to transform the operating model 

of a large enterprise as defined in the report The Capability Approach to Integrated Operations 
Handbook [17]. 

3.4.1 Setting Operational Context 

This step consists of identifying the operational context in terms of both opportunities and 
constraints regarding capability development. Factors would include market opportunity, market 
pricing, corporate business objectives, etc. Constraints would include regulatory requirements, 
industry standards, technological limitations, public opinion, community relations, etc. 

3.4.2 Identifying Key Capabilities 

In general, a capability is the ability to perform a particular task or activity. Operational 
capabilities pertain to the current operations of an organization and enable that organization to 
perform its necessary tasks. This resource base includes tangible, intangible, and human assets. 
Further, it may include resources that the organization can access but does not necessarily own. When 
referring to the O&G industry, we can broadly categorize the organization’s resource base into four 
types of assets: people, processes, technology, and governance/organization.  

 

 

 

3.4.3 Sub-Layering Capabilities 

Sub-layering capabilities consists of identifying the major functional areas of the capabilities and, 
within these functional areas, the work processes for accomplishing the specific objectives of the 
capabilities. These functional areas are referred to as “sub-capabilities.” For example, a capability for 
plant operations would contain a set of major functional areas such as control room operations, field 
operations, operations support, etc. These are the sub-capabilities needed to comprise the scope of an 
operate capability. Within each sub-capability would be certain work processes consisting of standard 
work activities for achieving prescribed operational outcomes. These include work, risk, and 
reactivity management, etc. In the context of ION, these activities are designated as “work functions.”  

Therefore, sub-layering capabilities are the means by of breaking down capabilities to make the 
application of transformative concepts manageable. 

Figure 10. A capability is the synthesis of interdependent resources involving people, processes, technology, and 
governance—all enabling the direct creation of added value. 
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3.4.4 Configuration of Capabilities 

“Configuration of capabilities” refers to the practical process of actually developing the 
capabilities. The output of this step is implementation of the capability within the new operating 
model—at least in its initial form. It is concerned with the minimum requirements in delivering the 
capabilities. It considers what existing resources can be used as building blocks for delivering the 
capabilities and identifies key requirements for developing the capabilities. Finally, it initiates a 
process for continuously maturing the capabilities so that they deliver predictable outcomes and are 
adaptable to changing busines conditions and opportunities.  

4. Xcel Energy’s ION Application Experience 
In December 2018, Xcel Energy announced its industry-leading goal of achieving 100% carbon-

free power generation by 2050. This entailed a new nuclear business model to ensure that Xcel 
Energy’s nuclear assets remain a cost-effective source of carbon-free energy well into the future. The 
new nuclear business model is a departure from nuclear industry norms and challenges traditional 
thinking and practices. The fundamentals of the new model are based on successful principles and 
techniques used in similar industries facing economic pressures. This model was built with the 
expectation of simultaneously maintaining high levels of performance and safety while achieving 
cost-competitiveness in the energy market. 

4.1 Xcel Energy’s XE-1 Initiative 
Xcel Energy’s NPPs are in a unique and challenging position in the domestic nuclear industry. 

The three reactors have some of the highest capability factors (> 95%) and lowest annual O&M 
expenditures in the industry. However, when considering the combined three reactors with a 
maximum generating output (approximately 1600 MWe), the calculated operating costs ($/MWh) are 
non-competitive with other sources of electricity in the Upper Midwest. It is clear that, to remain in 
the Xcel energy portfolio, the Xcel Energy nuclear business needs to reduce its operating costs by 
one-third (33%) over the next few years. In 2018, Xcel Energy partnered with Idaho National 
Laboratory and its LWRS Program. The objective of the partnership was to investigate new methods 
and models for lowering operating costs and site staffing levels closer to pre-Three Mile Island (TMI) 
levels. The business model chosen for evaluation was the IO model used in the Norwegian O&G 
industry and their oil fields in the North Sea as shown in Figure 11.  

 

Figure 11. Offshore platform.  

Applying IO principles to nuclear energy is a natural continuation of NEI Efficiency Bulletin 17-
23, “Transform the Plant Organization,” which transformed nuclear operations into three main areas 
(i.e., Operate the Plant, Maintain the Plant, and Support the Plant). Simply stated, future nuclear 
organizations will operate the two nuclear plant sites like two oil platforms, with minimum staffing to 
operate and maintain the plant, led and supported by a central corporate organization. This central 
organization would leverage technology to streamline processes, utilize vender expertise, and provide 
needed resources for dealing with larger-scope or emergent issues. 

Before detailing the new nuclear operating model, it is important to state the core requirements 
foundational to operate any nuclear facility—requirements that will have to be preserved. 



 

 27

a) Compliance Requirements 

The new nuclear business model is expected to be fully compliant with all applicable regulations, 
ensuring that the organization is always “inspection ready” and able to demonstrate compliance in 
daily operations. The organization will actively engage with industry groups and regulators using risk-
informed and other advanced methodologies to achieve regulatory compliance or relax those 
regulations that provide little to no safety benefits, and will leverage new technologies and remote 
monitoring to meet previously manual-oriented regulatory requirements. 

b) Performance Requirements 

The organization will sustain high levels of performance based on specific thresholds of 
excellence. These thresholds will be set based on company expectations, industry stakeholder 
standards, and business model objectives. Efforts to be the best of the best are commendable but not 
always cost-effective after reaching what the industry recognizes as a high level of performance. 
Critical performance areas will be closely monitored for early indications of decline. Such indications 
will be promptly addressed to restore performance.  

c) Financial Requirements 

The cost of nuclear generation must remain competitive in the regional energy market. The 
market share for renewable energy is expected to continue to increase as the costs of renewable 
energy falls. It is a given that nuclear generation assets must drive down costs without sacrificing 
performance or safety. By maintaining focus on core O&M competencies within an IO service model, 
higher levels of expertise can be obtained externally, and utilities can increase their operational focus 
and performance while reducing costs. 

The new nuclear business model is best described through a diagram. The objective is to operate 
as one site with three reactors. Core business consists of areas in which we strive for high levels of 
proficiency in the “Operate” and “Maintain” groups. The “Support” group includes a mixed collection 
of in-house and external resources whose sole responsibility is to support core business (“Operate” 
and “Maintain”) within a cost-sharing pooled resource structure. In addition to these three core 
business groups, a “Strategy group provides the long-term direction for the future of the business.  

 

Figure 12. Grouping of nuclear operations. 

Functions within each group: 

 Operate the Plant – responsible for operating equipment to generate the product while the 
assets and people onsite. This group includes operations, chemistry, radiation protection, 
and security. 

 Maintain the Plant – responsible for equipment performance to ensure predictable, 
reliable service from systems and components manipulated by the “Operate” group. The 
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“Maintain” group includes electrical, mechanical, and instrument maintenance; the “fix it 
now” team; equipment reliability; plant modifications; work management; and outage 
management. 

 Support the Plant – responsible for all support activities needed to operate and maintain 
the plant. This group includes engineering, training, emergency planning, regulatory 
affairs, performance improvement, and administrative functions. 

 Strategy – responsible for setting the long-term direction of the organization and aligning 
key stakeholders to the vision. This group includes regulatory policy, strategic planning, 
strategic innovation, innovation projects, and fuel cycle planning.  

Each group has its own unique mission and vison, core functions, and organizational structure. A vice 
president heads up each of the four groups. Under each vice president, a staff of managers, the 
directors, and general managers are arranged to provide leadership and oversight regarding their 
specific function(s).  

 

Figure 13. High-level organizational structure. 

Important stakeholders in the new nuclear business model, the vendor partners have a shared 
interest in the success of the nuclear industry. A separate commercial model provides a basis for 
external business entities to establish strategic partnerships with Xcel Energy in executing the 
principles of the new nuclear business model. As a part of the transition, Xcel Energy will develop 
business partnerships with companies that can integrate with Xcel Energy’s nuclear fleet to provide 
improved services at reduced cost. Identifying which services will be part of the “core business” and 
maintained in-house instead of being contracted out to a provider with specialized skills that mesh 
with Xcel Energy is a key part of this model.  

Xcel Energy intends for its strong business relationships with these strategic partners to result in 
shared profitability, reduced costs, and improved performance throughout the nuclear fleet. The 
purpose of the commercial model is to outline this approach to all parties involved in this 
transformation. 

4.2 Integrated Operations for Nuclear 
The overall objective of this research collaboration is to deliver to the nuclear industry a validated 

means of bringing their operating costs in line with the realities of the electric market via 
transformation of the operating model. This will be accomplished through business-driven technology 
innovation. The two major barriers to extended plant life are addressed: technical and economic 
viability over the long-term. 

The DOE LWRS Program – Plant Modernization Pathway focuses on developing a business-
driven approach to transforming the operating model for commercial NPPs from labor-centric to 
technology-centric—just as many other industrial sectors have done to survive in the marketplace. 
The specific objective is to derive a methodology and tool set from actual experience in collaborating 
with Xcel Energy for the following purposes: 

 To transfer the ION methodology and tool set to industry 
 To promote a transformed, sustainable NPP business model based on ION and business-

driven innovation 



 

 29

 To leverage LWRS Program technology development to the fullest extent. 

This ION framework is the aforementioned business-driven 

 A market-based price point (typically the bus-bar cost in $/MWh) for nuclear generation is 
established, then used to back out what the maximum total O&M budget of the nuclear fleet 
should be to support this price. In turn, this budget is allocated across the nuclear organization 
in a top-down manner as the starting point of an iterative process. (Top-Down) 

 Work functions are analyzed for aggressive opportunities to reduce workloads to only what is 
essential and can be resourced within this O&M budget. (Bottom-Up) 

 The streamlined work functions are then configured into a transformed operating model that 
leverages advanced technology and process innovations, resulting in a small onsite staff 
focused on daily operations, with all maintenance and support functions centralized or 
outsourced in on-demand service models. 

4.3 ION Process 
Through high-level discussions between the LWRS Program and Xcel Energy, it was recognized 

that there was an opportunity to collaborate in applying advanced technologies to the larger nuclear 
business model in order to improve performance and position NPPs for long-term economic success. 
In particular, within the LWRS Program Plant Modernization Pathway was a growing understanding 
that emerging technologies could do more than just address inefficiencies and obsolescence concerns 
over the present way NPPs are operated, but could in fact enable new work methods to produce better 
results at lower cost. 

This resulted in a new way of thinking about applying technology in the field of nuclear power. 
When technology is used to improve performance and address obsolescence within the construct of 
how we currently operate the plants, we term it “modernization.” On the other hand, when technology 
and innovation are used to enable a new, more efficient operating model, we term it “transformation.” 
Transformation is what we see in other industrial sectors, where innovation enables a redefinition of 
how products are made and services are delivered.  

The Plant Modernization Pathway’s long-term research collaboration with IFE’s Halden Reactor 
Project resulted in considerable awareness of the IO concept and how it successfully transformed the 
operating models for offshore O&G production. The two respective teams worked with IFE to better 
understand how IO might address issues faced by U.S. nuclear power, particularly those aspects that 
closely parallel the issues facing the North Sea O&G industry. It was decided that, with certain 
adaptations, the IO method was highly suitable for defining a better operating model for nuclear 
power. 

The following sections describe how ION was initially applied within the XE-1 initiative to bring 
about the magnitude of transformation needed to meet Xcel Energy’s future operational objectives. 
The information was largely taken from The Capability Approach to Integrated Operations Handbook 
[17]. 

4.3.1 Setting Operational Context 

The operational context consists of all factors that must be addressed to be successful in the future 
environment of the company. They include such things as corporate vision and values, market 
opportunities and constraints, public safety, regulatory requirements, labor contracts, environmental 
considerations, employee well-being, public reputation, etc. Implementation of IO must address, or at 
least not conflict, with these factors. 

4.3.1.1 Operational context for nuclear plants 

Fortunately for the nuclear industry, these factors are very well-understood and incorporated into 
the operating culture. The U.S. nuclear industry is particularly known for its high-compliance culture, 
in addition to a safety culture unsurpassed in the history of industrial enterprises. Moreover, the 
industry is highly successful in achieving the intent of these operational context factors, due to the 
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rigorous discipline and accountability it imposes on all its technical and business activities. Rare 
lapses in achieving these objectives are usually unintentional and quickly remedied. 

The project with Xcel Energy involved confirmation of all of the operational context factors 
needing addressed in the project; these were in line with the ones mentioned above. The executive 
leadership was very clear that improvements to the business model and in reducing costs could not 
come at the expense of these other factors. So, the operational context factors were documented and 
recognized in team deliberations, with each improvement idea being tested as to whether it upholds 
them. 

4.3.1.2 Top-down budget allocation 

One special factor needing addressed was the cost of electricity from Xcel Energy’s nuclear units. 
Xcel previously calculated what this cost would need to be to be competitive in the regional power 
market in the face of growing renewables and gas generation. And they made the decision not to rely 
on government-mandated rate subsidies that might change as the result of future political actions. 
From this cost of electricity, all components in the total cost could be derived, including the maximum 
allowable O&M budget for the nuclear fleet. This was the top-down budget allocation process 
described earlier in this report. 

4.3.2 Identifying Capabilities 

A capabilities approach in IO is the structured development of key resources needed to realize the 
value of IO across organizational units, disciplines, and professions [10]. In this sense, they represent 
core functions essential to achieving the objectives of the enterprise. Some capabilities are specific to 
the nature of the business, while others represent more generic business functions common to all 
modern industries.  

4.3.2.1 Capability identification 

Within the Xcel Energy initiative, a number of working sessions were held to identify the needed 
capabilities. Examples from other industries were considered, particularly those developed by North 
Sea O&G companies, due to its parallels with the nuclear industry. Also taken into consideration was 
the objective of reducing costs through work elimination, centralizing functions, and sharing 
expertise. Finally, consideration was given to positioning the company to expand business 
opportunities. 

First, operational capabilities as described in Section 4.1 were grouped in a way that aligns 
closely with the intrinsic functions needed to conduct nuclear power generation. These groups were: 

1. Operate the Plant 
2. Maintain the Plant 
3. Support the Plant 

Obviously, these groups broadly cover the types of activities needed for long-term NPP operation. 
However, within these capabilities lies the flexibility to align organizations and deploy human 
resources in new, more efficient ways. They also enable new business models for sharing resources 
across multiple production units and geographical areas. For example, certain technical functions 
heretofore performed by dedicated resources onsite could be outsourced to expert companies able to 
perform them remotely on an as-needed basis. That means that the company would only pay for those 
resources on a part-time basis rather than carry them full time. Many other such efficiencies are 
enabled by the way these capabilities are defined. 

A second grouping of support capabilities are the type broadly used across the enterprise to 
conduct work activities that fall within the operational capabilities. For Xcel Energy, the support 
capabilities are those needed to achieve the business objectives defined in the IO context. They are: 

1. Adaptability 
2. Analytics 
3. Assurance 
4. Collaboration 
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5. Influence 
6. Innovation 
7. Risk-Informed 
8. Workforce Development 

These support capabilities have dual natures in that they are typically owned by a certain support 
organization but used extensively within other capabilities, both within the other support capabilities 
and within the operational capabilities. In this sense, the support capabilities are cross-linked to each 
other and to the operational capabilities where they are needed.  

Regarding the scope of the support capabilities, the intent is that they are broadly defined to meet 
the needs of the entire organization rather than having multiple, customized instances of the same 
capabilities for each sub-organization. There is also expected to be a great degree of standardization in 
how the capabilities are defined, providing economy in developing and maintaining them. 

A third grouping of foundational capabilities represents the enterprise’s hard production assets, 
such as the physical plant. Obviously, these capabilities are the frontline basis of production. They are 
capabilities in the sense that they can produce the tangible products of the enterprise as long as they 
are successfully operated and maintained within the economic constraints. They are: 

1. Physical Plant 
2. Plant Information Data Stream 
3. Plant By-Products 

 For the most part, these foundational capabilities are already developed, but relationships to both 
the operational and support capabilities must be well-defined. For instance, it is the systems, 
structures, and components of the physical plant that are the principal objects of the “Operate the 
Plant” and “Maintain the Plant” groups. The “Operational” and “Support” groups, which depend on 
plant sensor information and other such data, relate to the Plant Information Data Stream capability. 

The Plant By-Products capability is somewhat unique in that it represents commercial 
opportunities for the enterprise other than power generation. A good example is potentially using 
plant heat and electricity to conduct electrolysis of water for hydrogen generation. Hydrogen, in turn, 
is a highly marketable commodity used in a number of industrial processes. Use of plant energy for 
hydrogen production could complement power production when the price of electricity is low. It is 
readily evident that the Plant By-Products capability would need to be connected to all other 
capabilities in both the “Operational” and “Support” groupings. 

4.3.2.2 Capability stack model 

The next step is the development of a capability stack model, an abstraction used to manage the 
complex interrelationships among the various capabilities. The complexity arises because the 
capabilities, by definition, are scalable and reusable; therefore, they are connected to all other 
capabilities and the underlying work functions in need of them. Thus, the capability stack model is 
defined as: 

…a layered representation of a complex system. The stack model seeks to decouple the 
complexity of the system by introducing distinct layered activities connected by standard 
interfaces. [18] 

The layers of the stack model are based on the assumption that the capabilities of a lower level are 
needed to execute the capabilities of a higher level. It is further assumed that information can be 
exchanged across the layers via standard interfaces. The following are characteristics that describe the 
layers: 

1. Each layer must have a dominant or compelling value proposition. 

2. Each layer must have clearly defined and shared interfaces with adjacent layers. 

3. Each layer must reflect an active market for products or services. 
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4. Each layer much have a well-defined business-oriented set of metrics that reflect the core 
value proposition. 

The capability stack model depicted in Figure 14 was developed by Xcel Energy to represent their 
defined capabilities for nuclear power generation.  

 

Figure 14. Xcel Energy’s capability stack model. 

4.3.3 Sub-layering of Capabilities 

The next step in the process is the sub-layering of the capabilities. This consists of breaking down 
the capabilities into functions needed across the organization. These sub-layers are referred to as “sub-
capabilities”—within which, individual work functions are identified. 

4.3.3.1 Capability teams 

Xcel Energy defined capability teams for each of the three operational layer groups: Operate the 
Plant, Maintain the Plant, and Support the Plant. These teams were comprised of organizational 
leaders and subject matter experts to ensure that the capabilities were suitable for addressing future 
work needs and delivering sufficient cost savings. 

An orientation session was held with each team, consisting of background material on the 
company situation and objectives, background on the IO experience in the North Sea, the process of 
defining capabilities, and, finally, the deliverables resulting from the process.  

The teams were instructed to develop a vision of the future that reflects how work functions could 
be achieved more effectively through technology innovation. They were facilitated by XE-1 team 
members to ensure that the vision and products were in keeping with the expectations of the broader 
effort. 

The XE1 team served as the capability team for the support and foundational layers of the 
capability stack, in that these capabilities span all organizations and require special insight into those 
technologies that enable future ways of working. In particular, the support capabilities had to be 
broadly defined to serve all the sub-capabilities and associated work functions in the operational layer. 
For example, the Collaboration capability will provide functionality to virtually every work function 
in the operational layer, ranging from virtual meetings to on-location support of field work activities 
by remote expert parties. 

4.3.3.2 Defining elements of capabilities – PTPG 

The capability teams were tasked with identifying the process, technology, people, and 
governance (PTPG) elements of the sub-capabilities, based on the new work methods envisioned. 
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These were captured in a large tabular document describing the impact on each element and how the 
elements interrelate to achieve transformative ideas. 

It was also noted that certain elements will depend on other capabilities and sub-capabilities, so 
these relationships were also noted. These relationships help define the total functionality of the sub-
capabilities when considering how they are expected to contribute to other sub-capabilities. Again, 
using Collaboration as an example, when an Operate the Plant sub-capability was defined as relying 
on a remote party to conduct an activity, it was simply noted that this would be provided by the 
Collaboration capability. So, this informed the Collaboration capability definition with respect to its 
role in serving other capabilities. 

In many cases, defining the PTPG elements was difficult except in the context of specific work 
functions. In other words, the work functions drove different needs in the PTPG elements, based on 
the technical activities within a work function. This is described in the next section.  

4.3.3.3 Identifying work processes 

Xcel Energy had existing documentation of their work processes across all nuclear organizations. 
These were used, when needed, to define work functions under the sub-capabilities. As stated in 
Section 4.3.3.2, it became necessary in some cases to define PTPG elements in the context of a 
specific work function to get the right level of specificity for the needs. In turn, the aggregate of these 
work-function-level PTPG elements were rolled up to comprise the ones at the sub-capability level. 

A second reason for identifying work functions is to utilize enablers of cost savings in the form of 
work-reduction opportunities. This is critical to the overall top-down methodology for reducing the 
workload to something supportable by the market-based price of power generation. Work-reduction 
opportunities can only be applied at the work-function-level, as described in the next section. 

4.3.3.4 Identification of work enablers and work reduction opportunities 

A process for determining the cost reduction that can be credited to work functions was developed 
and joined to the capability-development process. The combined processes are shown in Figure 15. 

 

 

 

Figure 15. Combined IO and work-reduction processes. 

Once the work function candidates for work reduction were defined, cost-efficiency enablers for 
these work functions were identified by each organization in Xcel Energy. This consisted of a general 
description of how cost savings could be achieved and what was needed to accomplish this. In turn, an 
ongoing process was initiated to analyze these enablers. This entails categorizing the cost savings in 
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terms of the type of cost savings such as requirement changes, process improvements, technology 
application, or outsourcing.  

Once fully developed, work reductions were analyzed in terms of their effects on the PTPG for 
the associated work function. This led to revising the PTPG for the work function, based on how it 
will work in the future. Then, the new PTPG requirements were rolled up into the synthesis of the 
higher-level PTPG analysis through the sub-capability, capability, and ultimately the entire capability 
stack model. This high-level PTPG formulation became the basis of the transformed operating model. 

Continuing the work-reduction analysis, the process provides for conducting the top-
down/bottom-up analysis to ensure that sufficient work reductions were achieved for the market-
based budget allocations to be met throughout the organization. It provides for identifying the 
internal/external requirement changes needed to enable certain work reductions. Finally, it provides 
the basis for formulating development projects and business cases, including the aggregating of 
similar technology applications or process changes that provide similar benefits across the 
organization. 

4.3.4 Configuration of Capabilities 

The final step in the IO process is the configuration of capabilities, though this is the most 
intensive part of the process. It consists of the upward synthesis of the PTPG analysis, as introduced 
in Section 4.3.3. Development of this process is underway at the time of this report and is described 
further in Section 4.5.1. 

4.3.5 ION-Derived Implementation Documents 

The following sections describe the key implementation documents traditionally used in 
organization design and implementation and can be derived from the ION process. 

These documents become part of the “governance” element of the PTPG analysis, among other 
key types of documents such as directives and procedures. 

4.3.5.1 Organization charts 

While capability development does not directly define the organization, it logically groups work 
functions according to how they were transformed by the IO method. This gives rise to the 
development of the optimum organizational structure for executing the capabilities. In the case of 
Xcel Energy, this organizational structure was anticipated early in the process and became the basis 
for certain organizational structures and combinations, including the allocation of market-based 
budgets in a step-down manner over a certain number of years. However, as the practical effects of 
the transformed business model become more apparent, the organizational structure will continue to 
be assessed and adjusted as needed. 

4.3.5.2 Roles & responsibilities 

Roles and responsibilities for both organizational units and employee types are principally derived 
from the “process” and “people” elements of the PTPG analysis. It is expected that they will change 
considerably as the work functions are transformed by IO concepts. For example, new, more 
automated technologies might enable generally trained workers to perform tasks heretofore requiring 
a highly trained expert. This same automation might create enough work efficiencies to enable a 
multi-skilled worker to conduct work activities formerly accomplished by multiple workers. It is in 
this way that roles and responsibilities for organizations and workers will be modified. 

4.3.5.3 Staffing levels 

Staffing levels are set by the amount of residual work in various work functions, following 
application of the efficiency enablers. Some work functions will be unchanged by the capability 
analysis and thus remain what they were before the application of IO. However, most will be changed 
in some way, thereby contributing to the requisite cost reductions needed to achieve the market-based 
budget. 
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A key factor in staffing levels will be whether the work functions are needed on a full-time basis, 
can be shared among multiple NPPs, or could potentially be outsourced. A key principal of ION is to 
maintain a lean staff at NPPs to address the baseload work, with all additional support ideally being 
provided on an as-needed basis rather than through full-time staffing.  

4.3.5.4 Staff qualifications 

Staff qualification changes will be identified through the “people" element of the PTPG analysis, 
reflecting the role of staff in regard to the transformed work functions. This will closely align with the 
new roles and responsibilities described above. For instance, certain types of material condition 
surveillance are conducted these days by field technicians using portable test equipment that must be 
set up in the field to collect data. In the future, this surveillance data might be collected by permanent 
sensors mounted in these field locations, and the new task will be to analyze the data sent back from 
these sensors. Therefore, staff qualifications for the same work function could be considerably 
different. 

These new staff qualifications must be aggregated and analyzed to determine what training 
programs are needed to ensure staff competence. In general, it is expected that digital automation 
technologies will be exploited to make using these technologies as simple and intuitive as possible, 
reducing reliance on initial and refresher worker training for proficiently conducting the work 
functions. 

4.3.5.5 Workload analysis 

Workload analysis is similar to staffing level determination but must also consider timing with 
respect to peak work periods. As with the staffing level, it is primarily derived from the “people” 
element of the PTPG analysis. In nuclear generation, there are certain drivers in work scheduling for 
such factors as urgency due to generation threat or regulatory requirements, as well as other factors 
such as conducting the work during a refueling outage or optimum work window. Therefore, staffing 
levels, whether baseload or augmented resources, must be sufficient to meet peak workloads that 
cannot otherwise be better levelized. 

4.3.5.6 Technology strategy 

A technology strategy document is needed to plan the orderly implementation of technology 
applications used to transform work functions. One important aspect of this is a technology readiness 
assessment to determine which technologies are ready for near-term implementation and how they 
will evolve over time to provide even greater functionality. Another aspect is technology integration, 
specifically in regard to understanding the interrelationships among technologies and how they work 
together to enable a broader work function transformation. Some technologies are “enabling,” 
meaning they do not provide bottom-line value by themselves but enable other technologies to work 
more effectively. A good example is wireless communications, which is useless by itself but can 
allow for smart work packages in the field to retrieve information determined necessary during a job 
activity. 

A technology strategy is also used to aggregate the business cases for similar work function 
efficiencies across the operating model in order to thereby determine the total value the technologies 
offer the organization and what the total return on investment will be. Finally, it is used to develop a 
technology deployment plan that considers all aspects of change management and support functions 
needed to introduce the technologies into the work functions. 

4.3.5.7 Governance model 

The governance model is the totality of the management controls for conducting business 
operations for the nuclear fleet. It addresses all desired business practices, internal and external 
constraints, and the application of the organization’s values and operating principles. These 
management controls extend from high-level policy statements down to specific work-process 
instructions. They include such things as employee policies and procedures, quality assurance 
programs, administrative procedures, technical procedures, operating manuals, information 
technology policies, etc. 
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Changes to the existing governance model are identified through the “governance” element of the 
PTPG analysis. As part of capability development, the existing governance documents must be 
evaluated to determine how they are affected by the formulation of the capabilities. Revision of these 
affected documents must be part of the change management process for transitioning to the ION 
model. Revisions affecting management policies must, of course, be reviewed for acceptability by the 
senior leadership of the organization. 

4.4 ION Analysis Tools 
This is the collection of computer-based applications developed and used in the framework 

processes, They will be provided as deliverables to the industry for utilities desiring to conduct ION 
analysis in the same manner as the collaboration with Xcel. 

4.4.1 Integrated Operations Capability Analysis Platform (ICAP) 

This is a repository of the information required to analyze NPP work functions and apply 
innovative concepts to them. The information includes descriptions of the work functions, any 
constraints on the work functions (regulatory, policy, etc.), descriptions of work-reduction 
opportunities regarding individual work functions, quantification of labor and non-labor savings 
achieved through those opportunities, and certain risk-assessment information in pursuing those 
opportunities. 

4.4.2 Innovation Portal (IP) 

This is a repository for a wide range of information on innovative technologies applicable to 
NPPs. This database will be seamlessly joined to the Work Function Analysis Database so the 
information can be accessed and applied during work function analysis. It will also be accessible in 
standalone form as a web app so nuclear utilities can retrieve the information directly. 

4.4.3 EPRI Business Case Analysis Method (BCAM) Interface 

EPRI Business Case Analysis Method (BCAM) Interface – The Electric Power Research Institute 
(EPRI) has developed a comprehensive business case application based on a prior LWRS project-
developed a business-case tool known as the Business Case Methodology Workbook (BCMW)—a 
complex Excel workbook that compiles the detailed work-activity savings from NPP innovation and 
aggregates the benefits into an overall business-case format, providing a calculation of harvestable 
savings (reduced FTE) and the present worth of the benefits. The ICAP will be interfaced, with minor 
adaptations, to the BCAM so labor and non-labor data can be seamlessly transferred to produce the 
needed investment business cases. 

4.5 Future ION Activities 

4.5.1 Configuration of Capabilities – FY 2021 

As introduced in Section 4.3.4, the major project activity of FY 2021 will be to develop a graded 
method for the configuration of capabilities, meaning a detailed analysis of the PTPG elements of the 
capabilities  to generate requirement specifications for technologies, innovations, and other changes 
that transform how work is performed in the future operating model. This method will be informed by 
the substantial experience of DOE national laboratories in engineering practices and human factors 
science in order to ensure that socio-technical considerations are addressed. It will draw on successful 
experiences in complex human-technical integration, not only from the North Sea experience with IO 
but also from similar undertakings by the U.S. Navy in designing advanced combat vessels with 
highly integrated technology. It will be graded in the sense that certain development and validation 
activities will be applied in a manner commensurate with the complexity and criticality of a given 
capability. 

This method will be developed and applied to three capabilities or sub-capabilities of varied 
complexity from a technology and human interface standpoint. The method will be refined through 
lessons learned in the development work. 
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4.5.2 Virtual Organization – FY 2022 

Section 3.1.2 introduced the notion of generations of IO development, and that Generation 2 
involved the expansion of IO to third-parties supporting the organization. The focus of the project 
work in FY 2022 will be the further development of the Collaboration capability to enable future 
business models in which parties are seamlessly integrated into real-time work activities from remote 
locations. Generation 2 IO is key to further performance improvement and cost reduction by enabling 
utilities to outsource critical skills and expertise not needed on a full-time basis and not central to the 
core mission of reactor and power operations. However, these services are required to be just as 
effective as if they were onsite and being provided by the plant staff. The Collaboration capability 
must provide all information access needed to achieve appropriate situational awareness by the remote 
resources. It must provide a means to interact with the work activities in a real-time fashion. As such, 
this Collaboration capability will foster a virtual organization of equal or greater effectiveness 
compared to the current large staffs at NPPs—and at substantially reduced costs. 

4.5.3 Technology Integration – FY 2023 

As described in Section 4.3.5.6, technology integration is a key component of successful IO 
implementation. The project work in FY 2023 will focus DOE resources on addressing how NPP 
technologies are evolving to greater functionality and be integrated for synergistic benefits in 
performance and cost management. Many technologies introduced into nuclear work practices are 
implemented in the form of how these functions were conducted in the past. For example, computer-
based procedures can be highly automated but still be similar in form to paper-based procedures. 
Technology integration will introduce new combinations of technologies to achieve the same desired 
outcomes as the predecessor activities but in more efficient ways. This will create a more future-
oriented roadmap for technology integration based on optimum timing and order of implementation. 

  

5. ION Key Performance Indicators 
KPIs are essential for any business to understand whether its goals and objectives are being 

achieved. In the case of IO, there are two separate sets of outcomes to measure: (1) fundamental 
business objectives and (2) IO implementation or transition to the new business model. Within these 
categories are both performance and diagnostic measures, the latter being how well processes are 
working and—in particular—whether new IO concepts have been fully exploited. These diagnostic 
measures do not represent external value. 

As the operating model transforms to adopt IO principles, it is critical to establish metrics and 
KPIs to measure the performance of processes and systems, track the progress of the transition to the 
IO model, provide trending information for continuous improvement, and increase accountabilities 
and process ownership. Similarities with the O&G, airline, and manufacturing industries, as outlined 
in Section 3.1.3, also lend themselves to applying similar KPIs. This results in a set of new or 
modified KPIs. 

Using a tiered hierarchy of KPIs with varying levels of granularity and different audiences/owners 
is a best practice, as depicted in Figure 16. For instance, top-level (i.e., Tier 1) KPIs would capture 
long-term performance across the fleet and indicate the overall health of the individual nuclear plants 
and nuclear fleet. Progressing to lower tiers, the KPIs become more plant-, department-, or system-
specific and would be reported more frequently to lower levels of the organization.  
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Figure 16. Tiered hierarchy of KPIs. 

Further, these KPIs should adhere to agreed-upon design principles, which may include: 

 Clear ownership 

 Clear definitions (i.e., what the KPI means and what it measures) 

 Measuring success with line of sight through the organization; ensuring that the entire 
organization is focused on the right goals 

 Easy to calculate and easy to track; not manual 

 Cannot be manipulated 

 Reinforces capability thinking 

 Influences future sustainability (i.e., long-term technical and economic viability) 

 Drives/shapes desired behavior 

 Clear as to which roles or functions are responsible, and why 

 Clear as to what activities drive it 

 Understanding of why the KPI is used (e.g., diagnostic or “real” indicator of performance) 

 Understanding of why the KPI exists (e.g., regulatory-driven) 

 Raw number or calculation vs. index 

Additionally, KPIs that track progress made in transitioning to IO principles, which are leading 
indicators, and those that incorporate some form of “crowd-sourcing” are preferred. 

To revamp KPIs to measure the performance of the new operating model, the above design criteria is 
applied, integrating lessons learned from the O&G, airline, manufacturing, and other capital-intensive 
industries. The resulting KPIs measure performance for each of the three primary capabilities. KPIs 
developed specifically to measure the performance of the new IO model are emphasized in bold. In 
general, these new KPIs measure the efficiency and effectiveness of the IO model in maximizing the 
reliability and availability of the plant while simultaneously minimizing costs. For instance, the forced 
loss rate KPI measures the percentage of energy generation that a plant is incapable of supplying to 
the grid as a result of unplanned losses (e.g., unplanned shutdown or load reduction), while the MWh 
per person-hour onsite KPI measures the total MWh divided by the person-hours for all site personnel 
(employees and contractors). Continuous monitoring of these KPIs is essential for maintaining 
performance while correctly resizing the business model and realigning plant resources. 
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Table 1. Tiered KPI chart. 

Tier 1 KPIs – Overall Performance across the Fleet 

 Unit Capability Factor 

 Total O&M Costs 

 Total Capital Costs 

 NRC Regulatory 
Performance 

 INPO Plant 
Performance Index 

 Industrial Safety 
(DART) Performance 

 Forced Loss Rate (FLR) 

 MWh per Person-Hour 
Onsite 

Lower Tier Metrics – Aligned to Capabilities 

Operate the Plant Maintain the Plant Support the Plant 

 PPI sub-model index – 
Operations, 
Operational Focus 

 Department Clock 
Resets 

 Limiting Condition of 
Operation (LCO) Events 

 Operational Transient 
Events 

 Clearance and Tagging 
Events 

 Operational Decision-
Making Events 

 Crew Clock Resets 

 Operational 
Fundamental Errors 

 Rad Control Events 

 Reactivity Management 

 Unscheduled 
Equipment-Related 
Downtime 

 Current Employee 
Assessment of Plant 
Condition 

 Staff Augmentation 
Contractor Count 

 Weekly Overtime % 

 EQP 

 PPI sub-model index – 
Equipment Reliability 

 Maintain the Plant 
Capital and O&M 

 Integrated Plant 
Function Material 
Condition 

 Unplanned 
Maintenance Checks 
and Events 

 Maintenance Cost for 
MWh Generated 

 Rework Percentage 

 Maintenance 
Productive Time 

 Preventive and 
Predictive 
Maintenance Ratio 

 Critical Corrective 
Maintenance Items 

 Work Orders Ready to 
Work 

 % Schedule 
Compliance 

 Labor Planning Quality 

 % of Maintenance 
Crews that are Multi-
Disciplined 

 PPI sub-model index – 
Management 
Challenges 

 Trend in NRC violates 
and X-cuts 

 Accreditation Health 

 Drill and Exercise 
Performance 

Bold text denotes new KPIs developed to measure the performance of the IO model. 
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6. Conclusions 
For nuclear power to survive as a competitive energy source, major structural changes must be 

undertaken to dramatically reduce O&M costs while still achieving excellent availability and a high 
degree of safety. With many electric utilities announcing plans to achieve low- or zero-carbon 
generation by the middle of this century, nuclear-generated electricity as a reliable, non-emitting 
resource can be part of achieving this goal. As stated in a 2018 MIT report, “Premature closures of 
existing plants undermine efforts to reduce carbon dioxide and other power sector emissions and 
increase the cost of achieving emission reduction targets” (2). In many cases, when an NPP is shut 
down prematurely, generation is replaced not by another non-emitting source but by natural gas, 
leading to increased emissions. 

Nuclear power had its best year ever in 2019, as reported by NEI and the Electric Utility Cost 
Group [19]: 

 Highest generation ever  
 Supplied almost 55% of carbon-free electricity in the nation 
 Avoided over 476 metric tons of CO2 
 Fleet average capacity factor: 93.4% 
 Average generating cost: $30.42/MwHr 

While this is a significant accomplishment, it probably represents the best that can be done 
operating under the existing paradigm. NEI’s “Delivering the Nuclear Promise” implemented some 
overdue process changes, but they were mostly limited to “low hanging fruit” and did not involve 
equipment modernization or any significant addition of new technology. In addition, virtually all the 
existing fleet long ago “paid of its mortgage,” so the current average generating cost does not include 
any costs involving the original construction. 

Nuclear power has reached—and probably passed—the “strategic inflection point” and is nearing 
the point at which it will be impossible to recover unless drastic measures are taken. Ten NPPs shut 
down primarily due to economic pressure over the last seven years, and five more have plans to shut 
down over the next five years. In addition, 15 plants were saved from economic shutdown due to 
temporary state economic relief (3). If nuclear power is to be preserved for future generations, a 
significant transformation must take place. 

IO, as developed and implemented by the North Sea O&G industry, transformed their business 
and enabled them to achieve competitiveness despite increased labor costs and dropping revenue. This 
transformation was performed while still achieving high levels of safety. Given that offshore drilling 
and production facilities are very similar to nuclear facilities in terms of complexity, safety, and 
environmental impact, IO should be investigated as a possible model for transforming the nuclear 
industry. 

Traditional approaches to business transformation that essentially focus solely on either 
technology innovation or process changes are destined to fail. The strength of the IO transformation 
model is that it requires integration of the transformation process across the four primary dimensions 
of any business endeavor: process, technology, people, and governance. In addition, advanced 
communication and analysis technologies enable most work to be done in an optimum fashion, 
independent of physical location.  

Capability thinking is another powerful tool in the arsenal of transformation. It can be used to 
design the new organization so it can provide the necessary skills, abilities, and resources to perform 
work in a new, effective way. A focus on capability assessment will also break down “stove pipe” 
structures and harmonize the provision of necessary resources at the right time and in the right place. 

In summary, IO with capability thinking shows promise as a model to guide the nuclear power 
industry in transforming to meet current and future challenges posed by the new economic realities of 
power generation. It is clear that following the current course of limited technical upgrades and 
evolutionary process changes will not sufficiently guarantee the survival of most of the U.S. nuclear 
fleet. 
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7. Next Steps 
To fully evaluate IO and capability thinking to determine their applicability to the nuclear power 

industry, the following near-term actions are planned as described in Section 4.5. 

1. Develop an industry-transferable process for significant nuclear work function innovation 
based on Integrated Operations concepts.  

2. Develop a methodology tool set for nuclear work function innovation based on macro 
ergonomics systems approaches and solutions. 

3. Develop advanced concepts in digital remote collaboration to enable virtual organizations to 
conduct nuclear plant work functions seamlessly with the on-site staff. 

4. Develop a technology integration roadmap that maximizes nuclear plant performance 
improvement and cost reduction in plant control and monitoring, work activity automation, 
worker efficiency, human performance, risk management, and operational decision making, 
through the synergistic combination of advanced digital technologies. 
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Abbreviations used in this report  

ACE Advance Collaborative Environments 

CAPEX Capital Expenses 

CCR Central Control Room 

CM Condition Monitoring 

D&W Drilling and Well 

FTE Full Time Equivalent (unit that indicates the workload of an employed person) 

HSE Occupational Health and Safety 

IO Integrated Operations 

ISS Insulation, Surface treatment and Scaffolding 

KPI Key Performance Indicators 

NCS Norwegian Continental Shelf 

LWRS Light Water Reactor Sustainability (research program) 

O&G Oil and Gas 

O&M Operation and Maintenance 

OIM Offshore Installation Manager 

OPEX Operation Expenses 
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1 Executive summary 
 
In autumn 2004 the Norwegian Oil Industry Association (OLF) decided to implement an industry-wide 
program for Integrated Operations (IO), being a new self-service concept for remote, real-time 
management of oil & gas fields on the Norwegian Continental Shelf (NCS). The decision was based on 
the recommendations from a feasibility study indicating that IO could reduce operating costs by 20-
30% and accelerate production by 5-10% through:  

• Improvement of decision and work processes through implementation of IO and transfer of 
operations to virtual operation centers onshore  

• Implementation of IT solutions that support remote, real-time management of drilling 
operations, reservoirs and production facilities, maintenance, and logistics  

The program’s main goals were to establish a common digital infrastructure for Norwegian offshore 
facilities, industry-wide information security requirements for accessing this infrastructure, common 
standards for the transfer of data from operations offshore to virtual operation centers onshore, best 
practices for remote, real-time management of oil and gas fields, and a knowledgeable industry that 
supports IO [1].  
 

Most operators took a technology-driven, functional approach to provide improved surveillance, 
analysis, and collaboration tools. This has driven the industry mostly toward developing better tools 
to improve existing work processes. New IO tools that support this way of working can deliver 
increased production and efficiency, but at the same time, run the risk of introducing additional 
operational complexity [2]. The engineers that were involved in the initial planning of IO might have 
displayed overconfidence in the effects of the technological possibilities. This created a focus on the 
technology aspect that might have been at the expense of the “softer” people and organisation 
perspectives. 
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2 Project scope and background 
Renewable and fossil energy production is challenging nuclear power production in large parts of the 
US. Developments with increasingly demanding regulations and consequently increased staffing have 
resulted in nuclear power generation today struggling with profitability. 
 
Unlike the situation in petroleum production around year 2000, the American Nuclear does not seem 
to have the same common perception on the degree of urgency of cost reduction. In a deregulated 
market, the revenue from electricity production is depending on the energy mix in the local markets 
and utilities have a considerable differentiation in needs for OPEX reduction depending on their 
geographical location. However, there is a strong urge in the industry for identification of new and 
cost-efficient technologies and finding ways of reaping benefit from technology investment.   
 
Through the series of weekly meetings in the project group, discussion with utilities, presentations 
and discussions in the Idaho Falls LWRS (Light Water Reactor Sustainability) workshop, June 2019, it 
became clear that experience from both methodological and practical guidance would be of value for 
the further effort in cost reductions.  
 
The LWRS initiative has presented a model with a resource stack for development of advanced 
capabilities for delivery into functional areas in O&M (Operation and Maintenance). This model fits 
well with the recent thinking in development of organizational capabilities in the O&G (Oil and Gas) 
industry and much of the content in this report could be seen as a supplement for this way of thinking 
and as an extension towards the organization development area.   
 
Given the current market situation and the sense of urgency for cost reduction, the reported insights 
presented focus less on innovation and more on the practical measures that have been taken in the 
O&G industry for the last two decades. For example, high cost and long-term initiatives like remote 
control rooms, cloud computing and full automation have been prioritized down in favor of more 
developed and proven concepts.  
 
The idea is to present the concept of integrated operations, how it has been adopted on the NCS and 
give insights into what has worked well and what has not worked so well. Examples and practical 
guidance for how to use integrated operations in day to day operations are supplements to the 
theoretical and methodological presentation.  
 
In order not to confuse the nuclear audience, the examples and descriptions of the petroleum 
organizations have not been separated between use of integrated operations for production or 
drilling.   
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3 IO definition 
Most large exploration and production companies have during the last 20 years developed some sort 
of Digital Oil Field (DOF) program. While most of the activities cover similar objectives, each program 
has its own unique character, and each is shaped by drivers specific to the priorities and culture of the 
company and the specific expectations of the business and technology champions in that company. 
An overview of names and definitions can be found in Lima et al. [3]. The most well-known are:  

• Intelligent Energy and Digital oil fields (Generic SPE) 
• Integrated Operations (Norwegian Oil and Gas, ABB & Statoil) 
• Field of the future (BP) 
• Smart fields (Shell) 
• I-field (Saudi Aramco, Chevron) 
• GioP (Petrobras) 

 
For this report, we will be reporting mostly on experiences from the NCS and the Norwegian Oil and 
Gas association, the definition found in Wikipedia has been chosen:  
 
“Integrated operations (IO); refers to the integration of people, disciplines, organizations, work 
processes supported by information and communication technology to make smarter decisions. In 
short, IO is collaboration with focus on production” 
 
This definition has proved to be durable in view of the lessons learned over the past two decades, as 
well as capturing the focus of the industry on building capital that is not only focused on technology. 
 

3.1 What is IO about? 
The Integrated Operations concept has its basis in the availability of new technology, particularly 
increased bandwidth allowing for new work forms and sharing of data and information across 
distance. 

 
Figure 1. Concept sketch showing the real time data and communication as basis for onshore 

support to offshore production and drilling installations.   
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IO is an approach to solving the challenges of having personnel, suppliers and systems offshore, 
onshore and in different countries. IO is about removing the physical boundaries between people, 
making cooperation in real time across continents possible (Figure 1). IO involves using real time data 
and new technology to remove the divides between disciplines, professional groups and companies. 
It's about how information technology that makes remote operation possible, forms the basis for new 
and more effective ways of working. Real time transfer of data over long distances can be used to 
eliminate the physical distance between installations at sea and the support organization onshore, 
between professional groups, and internally or between the oil companies and suppliers [4]. 
 
When working across professional boundaries and exploiting real time data and technology that 
remove divisions such as time and place, the aim is to ensure better value creation for the future. 
Some of the benefits of IO are as follows [1,5]: 
 

• Improved occupational health and safety 

• More efficient operations 

• Better reservoir and production control and optimization 

• Better monitoring of equipment and more efficient maintenance 

• Better resource exploitation 

• Increased regularity (uptime) 
 
A principal sketch of the collaboration between onshore and offshore is shown in Figure 2 below.  

 
Figure 2. First generation IO as pictured by OLF in 2005. Processes built for integrated onshore 

support and offshore control centers.  
 

 
 

3.2 Can principles from IO be relevant for US Nuclear way of operation? 
Increased productivity and value creation through the implementation of Integrated Operations is 
basically about designing custom capabilities that contribute to more efficient work execution. The 
enabler for integrated operations is data communication and digitalization that allows you to perform 
work remotely and with more efficient tools. This opportunity is in principle the same for all industries, 
but different industries will operate under different environmental frame conditions, different 
regulatory regimes and cultures that make it easier or more difficult to realize gains. 
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We would like to say that Norwegian Offshore oil and gas production and US Nuclear electricity 
generation has more similarities than disparities.  
  

 
Figure 3. Xcel Prairie Island nuclear power station, Minnesota, and Wintershall Brage oil production 
platform, Norwegian Continental Shelf. 
 
There is obviously a different environmental context, different production processes and physical 
layout of the plants (Figure 3). The physical design of an oil platform is very much about saving space 
and weight, but formal requirements for the design process and approved equipment are not so 
different from nuclear power. Here it should be mentioned in particular that human factors and work 
system standards and guidelines applied by the Norwegian oil industry are mainly inherited from the 
nuclear domain.  
 
Due to the high consequence of failure, and accidents like the Three Mile Island, Piper Alpha and 
Deepwater Horizon, both industries are in the situation of zero tolerance for emissions or personal 
injury. Safety requirements and technical complexity of process control systems is high and 
accordingly inhouse competence and capacity in these areas need to be maintained at a high level. 
Looking further into this area both industries have similarities within: 
 

• Safety planning 
• Risk detection 
• Operational safety focus 
• Procedural control and alarm handling   
• Emergency training 

   
These industries also have similarities in the way of doing day to day operations. Centralized control 
rooms have a similar function and functional division and way of working in both monitoring, alarm-
handling and process control are much alike (Figure 4). However, the high degree of digitalization in 
NCS control rooms gives each operator a wider span and has eliminated the need to populate the CCR 
with more than a typical maximum of 4-5 operators for large installations and as little as two operators 
for the most modern installations with a high degree of automation.  
 



 

 7 

 
Figure 4. Illustration of nuclear central control room (left) and a modern petroleum control room 
(right) 
 
Not surprisingly, there are few differences in the executive disciplines (tariffed) and there seems to be 
little difference in the way maintenance is organized and how the work tasks are divided between and 
performed by I&C (automation), electric and mechanics.  
 
Summing up, as basis for operation, both industries have the following features in common:  

• Regulations with proactive and highly professional regulators  

• High environmental and safety risk 

• Geographically distributed “sites”  

• High level of technical expertise and technology required 

• Require workers to perform critical activities in potentially challenging situations 

• Both are production enterprises 

• Both have public and regulatory scrutiny 

• Challenged by reducing demand and lowering cost of the product 
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4 Implementing Integrated Operations in Norwegian Petroleum  
One of the success criteria for implementation of IO has been an industry wide adoption of this idea 
and a common effort across the industry to develop practical measures necessary for implementation. 
 

4.1 Establishing cooperation and building a guiding coalition  
The Norwegian oil industry has a long history of cooperation. This tradition has helped to bring about 
the following achievements:  
 

• Up to the millennium shift, the industry took efficiency leaps that reduced lifting costs (lifting 
oil from the reservoir and through the processing plant) by 60-70% and increased the oil 
recovery rate by 16%.  

• The Norwegian oil industry described implementation of Integrated Operations as a potential 
third leap and developed a scenario and vision for the Norwegian Continental Shelf (NCS) 
based on the implementation of IO. It revisited and developed the business case and road 
map for the implementation of IO based on NCS Industry-wide implementation.  
 

In autumn 2004 the Norwegian Oil Industry Association (OLF) decided to implement an industry-wide 
IO program, being a new self-service concept for remote, real-time management of oil & gas fields on 
the NCS. The decision was based on the recommendations from a feasibility study indicating that IO 
could reduce operating costs by 20-30% and accelerate production by 5-10% through:  

• Improvement of decision and work processes through implementation of IO and transfer of 
operations to virtual operation centers onshore  

• Implementation of IT solutions that support remote, real-time management of drilling 
operations, reservoirs and production facilities, maintenance, and logistics  

The program’s main goals were to establish a common digital infrastructure for Norwegian offshore 
facilities, industry-wide information security requirements for accessing this infrastructure, common 
standards for the transfer of data from operations offshore to virtual operation centers onshore, best 
practices for remote, real-time management of oil and gas fields, and a knowledgeable industry that 
supports IO [1].  
 
Three projects were established to develop an industry-wide platform for IO, and a fourth to define 
industry-wide practices for real-time management of oil & gas fields. A fifth project to communicate 
needs for R&D, competencies, digital products and services associated with the implementation of 
digital services to universities and vendors, and a sixth to revisit and further develop the business case 
for the implementation of integrated operations on the NCS. 
 

4.2 The value potential business case 
The value potential of IO has been estimated [6, 7] in the form of increased recovery rates, increased 
and accelerated production and reduced costs. Estimates have been based on documented results 
from the implementation of IO measures in comparable fields, as well as conservative estimates of 
the effect of yet untried measures. 
 
In total, this gives a realistic estimate of the value of IO on the NCS. The effect of IO will create an 
added value in regard to the measures on which the fields have based their estimates for cost 
development and recoverable reserves. It is this added value that has been quantified.  
 
Value potential estimate (Ibid.) was based on information made available to the project from the 
operating companies. The information has mainly consisted of forecasts reported to the Norwegian 
Petroleum Directorate, forecasts for OPEX and CAPEX (Wood-MacKenzie data), as well as specific field 
information submitted in meetings with the field management on the individual fields. 
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The study concluded that IO represents a potential value of 40 billion US dollars, Net Present Value 
(NPV). The basis for the estimates was a discount rate of 7% and a price trajectory as indicated in the 
National Budget (NB2006), which was based on an oil price of $55 per barrel, falling to $34 per barrel 
in 2015.  
 
The main contributor to the potential value is the accelerated production resulting from increased 
reserves and production optimization. The total reserve increase is equal to a large new field on the 
NCS. The costs associated with realizing this value was estimated to 2.5- 3.5 billion dollars (NPV) over 
a 15-year period. 
 
Realizing these values was assumed to be dependent upon an aggressive implementation of IO on the 
NCS. If the companies were unable to carry out this implementation rate, the values would be 
significantly reduced. If the companies choose a slower, but yet focused implementation strategy, the 
value of the IO will be $25.6 billion (NPV), a reduction of $14.4 billion of the estimated potential value. 
The cost related to such an implementation is estimated at $2.9 billion (NPV).  
 

4.3 Establishing a vision and high-level goals for new work practices 
In the autumn of 2005, a work group established by OLF and representatives from the major oil 
companies, licensing authorities and the Norwegian energy research institutes, delivered a report that 
has become the guidance for implementation of new work practices [5]. The report established 
scenarios for the implementation and predicted that IO would most likely be implemented in two 
stages, i.e. first by Generation 1 (G1), then by Generation 2 (G2) processes (Figure 5). Both generations 
were assumed to change existing work processes profoundly. 
 

 
Figure 5. OLF prediction of two steps in the IO implementation 

 
The following paragraphs explain the different practices described for the traditional, G1 and G2 
processes [5]. 
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4.3.1 Traditional practices  
Changes to the traditional practices were already seen in 2005 as a result of the burgeoning 
implementation of G1 processes, but prevailing practices still focused only to a limited degree on 
integration of work processes across disciplines, onshore and offshore and across companies. 
 
Description of traditional practices [5]: 
 
Generally speaking, most operational decisions are made offshore, in isolation or with limited support 
from experts onshore. Plans are relatively rigid and primarily changed at fixed intervals. The 
organizational structure is traditional, meaning that personnel onshore and offshore belong to several 
different units with different goals and key performance indicators. Plans were made and problems 
solved in a fragmented manner. Basic as well as advanced education/courses aimed to develop 
disciplinary specialists, not professionals with a good understanding of value chains and work 
processes. IT systems were specialized, and it was difficult and time-consuming to gather the data 
necessary to optimize the processes. Existing practices supported integrated work processes to a 
limited degree. 
 
4.3.2 First generation IO (G1) processes 
At the present time (mid-summer 2019) not many fields are still operated based on the traditional 
practices. A major shift took place with the implementation of a new operation model in Equinor 
(formerly Statoil, by far the biggest operator on the NCS) from summer 2009 and it would be 
reasonable to state that most of the main features for work practices forecasted in the integrated 
work processes report [5] have been, or are under implementation. The same could be said to be the 
situation for the other operators on the NCS, but with slightly varying degrees of implementation. The 
practices to be implemented were assumed to differ from company to company, but common for all 
were the following:  
 

• They are built around onshore centers that are closely integrated with operations offshore 
through collaboration facilities and solutions that secure personnel onshore and offshore 
access to the same information at the same time and facilitate real-time collaboration.   

• The centers are staffed by professionals who have the competencies necessary to manage the 
field(s) in question and take the necessary decisions. 

• For some areas like drilling, onshore support is available 24/7, for other areas within normal 
work hours, e.g., from 6 a.m. to 6 p.m.  

• Personnel both onshore and offshore can monitor operations in real-time, compare actual data 
with simulations, and identify operational as well as safety related problems.  

• The professionals in the onshore centers can carry out “what-if” analyses, discuss 
consequences of various decisions, integrate activity plans and communicate with personnel 
offshore via high-fidelity audio and video systems and portable computers to find out what 
can be done to optimize operations further, integrate plans and avoid or solve problems 
affecting production, costs and safety. 

• The team has been delegated the necessary authority to make decisions.  
Implementations of these practices – termed G1 integrated work processes – were expected to lead 
to relatively simple but profound changes to the traditional work processes. 
 
4.3.3 Second generation IO (G2) processes 
Implementation of G2 IO is expected to lead to a closer integration of the work processes of operators 
and vendors and – most importantly – to the fields, will be the development of “digital services”, i.e., 
operational concepts that are based on delivery of a large portion of the services required to operate 
a field “over the net”:  
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• A typical oil & gas field then will be operated by personnel located in operation centers 
belonging to both the operators (oil companies) and vendors.  

• The vendors will take over some of the daily work and decision-making processes that earlier 
were carried out by the operators, e.g., monitoring, analyzing and optimizing tasks, and will 
deliver services to the operators in real time, digitally “over the net”.  

• The personnel offshore will be informed and advised when anomalies or alarms are registered.  

• The personnel offshore will still have the overall responsibility for the operation of the fields on 
the NCS and will take the decisions necessary to handle anomalies or alarms. 

 
The centers will be operational 24/7, and will, to avoid information overload, make extensive use of 
tools for automatic filtering of information and automation of processes and decisions. Advanced 
automatic optimizers will for example run the daily production safely and efficiently.  
 
The teams that staff these centers will be geographically dispersed across Norway and the world and 
will carry out tasks in accordance with “follow the sun” principles. The team members will have full 
access to required information, tools, services and each other, through advanced decision support and 
collaboration tools. To ensure that the team members collaborate well, goals will be well aligned, and 
performance will be measured by the same key performance indicators. This will have a major effect 
on the key work processes.  
 
 

4.4 What IO practices have been successfully implemented and what has not? 
IO solutions during the first decade focused mainly on new technologies, better use of real-time data, 
new applications to analyze and visualize data, improving the data foundation, and increasing 
collaboration. Frequently, this has led to an increase in operational complexity with an associated 
increase in personnel. The financial climate allowed (or perhaps encouraged) the industry to work in 
this way, because the high oil price meant that the greatest benefits came from increasing production 
rather than cutting costs, and adding personnel made sense if they could deliver increased production 
[8]. Most operators took a technology-driven, functional approach to provide improved surveillance, 
analysis, and collaboration tools. This has mainly driven the industry towards developing better tools 
to improve existing work processes. New IO tools that support this way of working can deliver 
increased production and efficiency, but at the same time, run the risk of introducing additional 
operational complexity [8]. The engineers that were involved in the initial planning of IO might have 
displayed overconfidence in the effects of the technological possibilities. This created a focus on the 
technology aspect that might have been at the expense of the “softer” people and organisation 
perspectives. If it is true that the human and organizational dimensions have not been given sufficient 
attention, this might be one of the reasons why the implementation has turned out to be slower than 
expected [9].  
 
Since 2014, the industry has been adjusting to the new level of the oil price, and there was a renewed 
interest in projects that could reduce operating cost and deliver efficiencies. The emphasis is shifting 
to deploying solutions that make better use of existing resources (people and money) or reduce the 
number of people [10].  
 
Some of the practices described in the previous chapters have been implemented, while others, for 
various reasons have not been successful. The following discussion will try to detail and elaborate 
upon the value contribution.    
 
4.4.1 The onshore operation centers 
Onshore operation centers supporting, planning and handling day to day technical challenges in the 
process are today the standard way of operation. The core of the onshore operation support is the 
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onshore operation group. One of the main principles for the G1 IO was to move work tasks that were 
performed in front of a computer from offshore to onshore and use only the minimum manning 
needed to run the production [11].  
 
With the first-generation IO, each field typically got its own onshore operation group with 
responsibility for day to day operations, production optimization, maintenance work package 
development and operational planning prioritizations.  Using the operation group this way has 
become a common practice across companies on the NCS.  
 
To a varying degree, companies have established onshore centers for production optimization and 
integrated planning across operations, common logistics and emergency services and technical expert 
centers supporting e.g. fiscal, crane & lift, SAS and equipment surveillance. Getting value from these 
centers is currently the big issue in the further development of operation models.  
 
4.4.2 Continuous onshore support 
Due to strict safety regulations and agreements with the unions, almost all maintenance activity on 
an NCS production platform is taking place at daytime hours (e.g. 07 am. to 07 pm.)  The need for 24/7 
surveillance and support from the onshore operation centers is therefore not of a magnitude that can 
defend spending resources for onshore manning during night-time. The results from IFE function 
reallocation analysis supports this hypothesis even if it’s easy to find examples of situations where 
onshore support could be useful. One has not been able to overcome all barriers to implement the 
development of virtual organizations. Implementation of collaboration technology has been 
successful, but the industry has, despite multiple initiatives, not agreed upon a common way of data 
exchange.  
 
4.4.3 Timeline for implementation 
It was not expected that second generation (G2) processes would fully replace the G1 processes 
before 2010-15. With the speed of implementation of G1 processes and work practices it would be 
reasonable to say that the full implementation took at least 3-5 years more than expected. Some 
integration with vendors and contractors has taken place. However, the operators are still holding on 
to their operations and maintenance staff.  As argued by Gillman and Nordtvedt [12] inter-company, 
organizational and personal barriers have been factors impeding the development.   
 
4.4.4 Examples of success and failure  
 
Handheld and wearable technology for transfer of live video to technical expertise onshore (see Figure 
6) was one of the hot technologies previewed to have an impact on the onshore organization´s 
situation and problem understanding. This technology was also foreseen to reduce the need for 
offshore presence from vendors and operator engineering staff.  
 

 
Figure 6 Handheld and wearable camera technology for use in the field 
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The introduction of this technology was not received as expected. As a demonstrator on conferences 
and workshops this was an immediate success, the speaker being able to show the audience live 
footage from the real thing. Also, among engineers onshore it was possible to see, if vaguely, benefits 
from being able to connect to the offshore work situation. However, the new (in some cases head 
mounted) cameras did not solve any problems that the field operators themselves felt that they had, 
and rather appeared to them as an attempt at “surveillance” from onshore. The problem was that the 
new technology was not built into the onshore-offshore work processes before introduction, nor was 
it anchored with the offshore end users. These cameras never became a part of the day to day 
offshore-onshore way of working. 
 
Another prominent example is the establishment of onshore expertise call centers supposed to deliver 
support across installations.  The principle was that instead of having one expert per field, centralizing 
these would simultaneously save in cost and increase the quality of their advice. Situations and issues 
that were encountered perhaps once a year on one offshore installation would appear frequently 
across a larger part of the NCS, giving each expert much more practice and learning across 
installations.  
 
When the centers were first established, offshore did call in to ask advice. It very soon turned out that 
the competence in the centers was to generic to be able to answer very specific operative questions 
without delay as expected by offshore. Trust in these centers was swiftly broken, and after a short 
period of time nobody called anymore. The learning was that onshore call in support is very 
challenging to provide in the short operational loops.  
 
Expert centers for the longer loops were more successful. Examples of these are surveillance of heavy 
rotating machinery, SAS (safety and automation systems), communication systems, logistics, fiscal 
metering and planning. These centers did not necessarily have to wait for a phone call from offshore 
but would more often contact the offshore installations when trends or observations indicated that 
offshore inspections or adjustments should be considered. Recently, there has also been established 
centers for long term predictive surveillance across fields for a wide range of offshore equipment and 
parameters. 
 
In general, a common error has been the lack of proper business rationales for investments in new 
equipment and collection of new data. Change tends to lose both momentum and direction if not 
emerging from a business case, and it is later demanding to integrate the change in work processes 
and practices.  On development of business cases, see [36]. 
 
However, there are also success stories. One of these is the Equinor Logistics and Emergency Response 
Center (LERC, Figure 7). Before the transformation of this center, a significant in-house job was 
performed in order to identify the new business case and its implications for the evolution of the 
project.  Based on this work it was possible to identify what the resulting organization needed to look 
like, and which technology measures would be necessary in order to double the center’s area of 
responsibility without significant staff augmentations.  
 

 



 

 14 

 
Figure 7 Equinor LERC Centre - Marine Surveillance 

 
 
Table 1 below shows a list of what could be said went well and what went wrong in the 
implementation of the first-generation IO.  This summary is an IFE assessment of where one stands 
today. As always, this picture is not binary. There will be isolated examples of success or things not 
having the foreseen effect. As today (2019) the industry IO focus is very much towards remote 
monitoring and control implying increasing the onshore operational competence. Succeeding with this 
way of operations might lead to revitalization of some of the earlier not so successful IO applications.  
 
Table 1. Failures and successes 

First generation successes Second generation successes Failures 
Fiber optics between onshore and 
offshore  

Integrated logistics planning and 
emergency response 

Early investments in too advanced 
technology, often immature and 
not fit for purpose including smart 
gadgets (most types of handheld 
devices) 

Transformation from stand- alone 
self-supplied platforms to 
integrated offshore – onshore 
organizations  

Established long loop planning, 
production optimization and 
maintenance processes with use 
of "right time" field data  

Short loop operational support 
centers – help desk function for 
sharp end problem solving 

Standardization of roles and 
processes across fields and 
onshore organization 

Multifield modification and 
maintenance concepts – e.g. 
campaign models 

All-inclusive corporate 
engineering support software 

Reduction of expensive offshore 
administration hours  

 Multifield operation groups 
(onshore day to day operations) 

Underestimating needs for 
collaboration training 

Improved use of competence 
across the organisation – function 
reallocation according to 
competence 

 Cross training all in one operator 
(Process, Automation, Electrician 
and Mechanic) 
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5 Unlocking the potential – changing how work gets done 
 
Reports and publications the last decade have shown numerous lessons learned from successful 
implementations and challenges with implementation of Integrated Operations [3,11,12,13,14,15, 
16,17,18,19,20,21,22,23,24]. In general, recent reports focusing on value, conclude that the 
technology is mature, and IO is delivering as expected within each function, but there is still some way 
to go to reap the benefits from cross functional integration. The recommendation is to look towards 
holistic approaches like Lilleng's IO success criteria [25].   
 

5.1 Establishing new operational philosophies 
IO solutions and opportunities developed during the recent years have been deployed on existing 
operational assets with success. Significant economic and HSE benefits have been accrued and are 
well documented [5,9,11]. Therefore, consensus is that the typical drivers for IO are:  
 

• Increased production and improved regularity  

• Improved hydrocarbon recovery  

• Reduction in operation cost   

• Improved HSE performance   
 
However, in the years since 2004, the progress hasn’t been as fast as it could have been, and this could 
mean a reduction in the overall revenue Norway can get from its oil. Ten years ago, Petoro, an 
organization which represents the Norwegian Government interests in the NCS, claimed that a 
significant part of the problem is that IO is not brought into the discussions early enough during 
greenfield development projects, or major works on an existing platform [26]. The early project phases 
still focus on the oilfield and the construction; once work gets underway, there is a schedule to keep 
to, and the necessary considerations of IO are not sufficiently a part of the planning. For example, 
projects would typically be performed by copy paste of operation models supporting the pre-IO era 
[27].  
 
To unlock the full potential, IO considerations must be a central component in early project phases 
and incorporated into the asset operational philosophy at the inception of field design [6]. 
Fundamental to this is the transition of data to information to allow “right time” or “relevant time” 
information for decision making that is effective and grounded in knowledge, i.e. the appropriate 
people have the right information at the right time irrespective of their geographic location and 
belonging.   
  
Early project phases and the belonging documentation should have, as a core premise, an 
understanding of the decisions that need to be undertaken and to evolve an organizational construct 
to support this. In its simplest form, insights to a decision-making structure and consequently a 
potential organizational structure in outline may be revealed by the following questions [28]: 
  

• What Decisions are to be made?  

• What Information is needed to be able to make those decisions?  

• Which People are best qualified to make that decision?  

• Where should those people be located?  

• What Work Processes and Technology are needed to present the decision makers with the 
right information at the right time irrespective of location and organizational belonging?   

  
The above should form the basis for the development of a subsequent information management 
strategy, which shall address how to use, share, protect and manage the information supporting the 
business objectives.   
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The operational philosophy defines how the asset is to be operated and thus drives the demand for 
technology and work processes, and not vice versa.  
  
Furthermore, in achieving the twin goals of operational and project excellence, the roles and 
responsibilities of operators and vendors will be changed. Contracts and incentives will need to be 
adapted to accommodate the goal of IO and may result in new service offerings. More efficient ways 
of working will need to be developed if capital efficiency is to be preserved, and changes to 
organizational structure to support these new ways of working are to be expected. In support of these 
aspirations, the following emerge as key areas requiring specific consideration:  
 

• Automation   

• ICT infrastructure  

• Information management   

• Collaboration environment  
 
The operational philosophy must be recognized as a tool that will impact the technology selection 
process during the project development phases, and determines associated activities supporting the 
successful implementation of IO. 
 

5.2 Principles and guidelines 
In developing the Equinor (former Statoil) IO-based operation model the company established a vision 
for the organization and a number of concrete objectives for how the future operations should be 
carried out [11]. The conceptual frameworks with the underlying mechanisms for the new way of 
working were developed by Ringstad and Andersen [5] (Figure 8).  
 
 

 
Figure 8. General development, digitalization changes the way work is performed. Based on Ringstad 

& Andersen [29]. More and faster collaboration and information transfer across geographical, 
discipline and organizational boundaries, between different groups and persons. 

 
Concept strategies for the implementation were based on best practice from the successful Brage 
platform Pilot [14] and a number of supporting projects [30,11].  
 

1. Offshore tasks that after analysis can be moved onshore shall be moved onshore.  
2. Decision-making shall be done onshore and executing offshore.  
3. Offshore staff shall spend more of the time performing core production and maintenance 

activities.  
4. Continuity between shifts shall be strengthened through a more operational onshore 

organization.  
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The strategies were made operational through the development of a number of verifiable goals with 
corresponding requirements.  
 
Through the analysis of tasks in the Brage platform [14], the new way of working was operationalized 
with the following results.    

• Operations planning activities can be fully transferred onshore.  
• Approx. 30% of admin. tasks related to the campaign team can be transferred onshore.  
• Approx. 30% of admin. tasks related to the operating team can be transferred onshore.  
• 50% of OIM (Offshore Installation Manager) and offshore line managers’ admin. tasks can be 

transferred onshore.  
• Approx. 40% of admin. tasks related to HSE coordinator can be transferred onshore.  

 
The implementation used several of the measures described below to deliver value from IO. For an 
overview of the function allocation methodology used for the analysis, see appendix H.  
 

5.3 Operation philosophy – how to increase degrees of freedom 
5.3.1 Collaboration  
The most visible aspect of IO is a collaborative environment: a suite of rooms customized to support 
real time communication and information exchange across two or more locations. All companies 
operating the NCS today have built collaborative environments, in which groups use a single source of 
truth and real time communications capability to jointly make decisions.  
 
However, not all of these environments are equally successful at delivering benefits [24]. Many 
companies are getting some value by effectively collaborating in single-discipline (vertical) operations, 
such as well integrity monitoring, or rotating equipment monitoring. Verticals also scale well across 
assets. However, succeeding at cross-discipline (horizontal) operations such as maintenance is far 
more challenging, as it requires coordinated actions across multiple disciplines and across multiple 
physical locations.  
 
Collaboration technology 
The purpose of the collaboration technology is to enable the best possible decision by gathering the 
right competence without loss of time. The key enablers are the shared information surfaces [25] and 
the organizations collaboration skills [31].  
 
As described by Sarshar and Rindahl [32] IO collaboration technology consists of high-quality 
videoconferencing, shared workspaces and data sharing facilities such as shared collaboration 
surfaces. The design and layout include video walls to share information and involve people in 
collaboration between distributed locations.  
 
A shared collaboration surface can visualize a common and coherent representation of goals and 
activities and what the participants understand to be the agreed decision. A simple but important 
insight to be achieved before good use of technology in IO interaction sessions can take place is that, 
in addition to verbal communication, the cursor and set of surfaces (video and visualizations) are the 
only tools the participants have available for expressing themselves [33].  
 
Videoconferencing equipment offers high-quality video picture in addition to audio and a shared 
surface. Such systems are often installed in collaboration rooms. Typically, a control system in the 
room controls the videoconferencing system, its sources of input (e.g. external laptop, document 
camera) and the room’s functionality (e.g. lights and blinds).   
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As software and hardware solutions evolve, videoconferencing is moving to PC-based systems. The 
PC-based system needs a HD video camera/web camera, a good microphone and the necessary 
software [32]. Often, one uses headset with microphone to compensate for poor inbuilt speakers or 
microphones on the PC-based systems. Recent developments in the software systems also allow for 
connections to proprietary videoconferencing equipment and rooms. This allows personnel on travel 
to join a collaboration session between onshore and offshore through a laptop with internet 
connection. The PC-based videoconferencing systems also allow data sharing through a shared 
information surface. Some solutions also allow the different sites to take control of the mouse pointer 
when someone else shares data. This allows all sites to point on the shared information surface in 
equal manners.  
 
As the cost of hardware, software, data and communications infrastructure falls, differentiation going 
forward really depends on these ‘soft’ management practices, which take the unique features of both 
assets, the situation, and the organization into account. While 80% of the project dollars of 
implementing Intelligent Energy might go to information technology, 80% of the effort needs to be 
applied to the change management, training, coaching, and governance efforts. Technology and tools 
are relatively easy to implement, but value comes from applying these management practices [24]. 
For more detailed recommendations on collaboration, see appendix F 
 
Effective meetings 
To succeed with collaboration across several geographical locations, good meeting management is 
extra important. The leader of the interaction shall ensure that all relevant information is used to 
ensure good decisions. The leader of the interaction must know the roles and participants, their 
competence and use it in the interaction, listen actively, and involve and encourage the different roles 
of active participation. In interaction across several geographical locations (with a majority of 
participants at one of the locations), local meetings can more easily occur at the locations with high 
number of participants, and it is the responsibility of the chairperson to stop such additions to 
"meetings in the meeting". The leader of the interaction is responsible for the common focus and that 
the agenda is followed. Prepare through frequent summaries and agree on the actions before they 
are noted. Actions that are decided in the interaction must be stored electronically according to the 
company's standard, so that these are visible to everyone. Other relevant information is updated as 
needed. 
 
Meetings in Long loop processes 
Fixed meetings (requirements) 
• Standardization of participants to ensure predictability for participants from other parts of the 
organization 
• Flexibility on frequency and meeting leaders 
• Selected meeting attendance (which part of the meeting should one participate) 
• Short and effective meetings 
• Owners of meetings are responsible for quality and proper participation in the forum, but can 
delegate their own participation and leadership of the meeting 
 
For an example of a typical day to day meeting schedule see appendix B.  
 
5.3.2 Manning according to activity - Use of a company internal resource pool for staffing 
The principle of activity dependent staffing means that resources are provided from a resource pool, 
or other parts of the company for larger activities such as drilling and projects. Typically, the 
responsibility of such a pool is to deliver skilled workers for activity-controlled staffing and planning 
maintenance resources.  The Resource pool manages competence within selected subject areas for 
the company.  
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The same concept is used to ensure resources for planned maintenance across different platforms in 
an area.  Establishing a pool of maintenance resources can be an effective way to reduce maintenance 
backlog in prioritized areas.  Coordinated prioritization across fields shall ensure maintenance 
resources are utilized to the best of their respective operating areas. This way prioritizing resources 
must be based on regularity and maintenance analysis preparing proposals for prioritizing area-linked 
planning maintenance resources between the units in the area. This concept should consider the need 
for local plant knowledge to ensure efficiency.  
 
For start-up of new systems or greenfield installations it has shown effective to plan with a fixed 
minimum manning but with an extended start-up manning that will be gradually reduced when 
production is stabilizing.     
 
5.3.3 Campaign based maintenance (Block Maintenance) and modifications 
While activity dependent staffing is in addition to a minimum staffing concept [34] to enable the 
facility to fulfill its tasks through increased activity that is not due to normal operation or maintenance, 
campaigned based maintenance is a resource effective a way of handling the planned and preventive 
work. Examples are when carrying out major activities such as drilling or projects and need for extra 
resources due to audit shutdown (RS), extraordinary training etc. The need for additional staffing 
should be assessed and approved as part of the decision to carry out activity. (See Appendix F for more 
details). 
 
5.3.4 Simplified maintenance  
One of the major NCS operators implemented a promising concept of more flexible performance for 
low risk and low complexity maintenance. One of the situations leading up to this implementation was 
that the bureaucracy of planning, starting and finishing work could be reduced. By identifying short 
time, low risk jobs and run these through a simplified work process, time can be saved in all 
administration phases of the job (See Appendix C for more details).  
 
5.3.5 Multi-skill staff 
There are many situations where multi-skilled workers can deliver considerable contributions to 
operation efficiency. Several of IFEs projects for a major NCS operator, working with function 
reallocation, workload studies have identified numerous situations where the combination of field 
operators and the I&C and electro disciplines seems to have a potential for efficiency gains.   
 
However, the experience from earlier attempts on cross training in an NCS-company [35] developing 
the so-called PEMA (Process, Electro, Mechanics and Automation) operator stalled due to lack of 
agreements across the industry and the challenge with retraining within multiple disciplines To make 
the solution work the implementation would have to be implemented with a sufficient volume to 
provide replacement personnel in case of turnover and sick-leaves. Combining only two disciplines is 
easier and would give a lot of flexibility for the use of staff in day to day work, but even then, training 
and updating competence within multiple crafts would take more time than desired.   
 
The solution could be in the differentiation between multi-craft and multi-skilled. The concept of 
“multi-craft” training would be defined as a Journeyman in one trade achieving Journeyman status in 
a different trade, while “multi-skill” training would be defined as a Journeyman in one trade merely 
adding limited additional skills from another trade [51]. Obviously, the investment in time and 
resources for multi-craft training is far greater than multi-skill training. In addition, the difficulties in 
maintaining proficiency are far greater with multi-craft training as well and this could negatively 
impact both safety and productivity. It appears that most organizations are moving toward multi-skills 
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training and this paper will use the terms “cross-training” and “multi-skill training” interchangeably 
(ibid).  
 
Analysis has shown that field operators on a modernized production platform will have approximately 
50% of their time available for upcoming tasks [36]. Given the fact that a high proportion of field 
operators on the NCS have Journeyman papers from either the mechanics, electro or I&C, many of 
these operators have the competence for performing a lot of work tasks within their secondary 
discipline without continuously updating and training.  (See Appendix E for more details). 
 
5.3.6 Off-site monitoring by equipment vendors 
Using their own servers, the on-board computer network and the onshore fiber-optic cable, the 3-
party supplier has the opportunity to log in to offshore equipment from its own office. This way, they 
can have condition-based maintenance, troubleshoot errors, or provide remote support. This can 
result in significant savings. From the office one can solve software errors and find out user errors 
without traveling offshore. If there is equipment failure, you can find out what is wrong and what parts 
you need to include offshore on service assignments. In this way you do not have to sit offshore and 
wait for the right part to be sent out. There will be fewer trips with shorter stays of this technology. 
Even if there are increasingly more examples of successful multidisciplinary operation centers, the 
business incentives for closer integration with vendors and vendor monitoring of equipment has still 
not been strong enough to reach a breakthrough in the industry [54]. There are successful cases e.g. 
valve monitoring, but these examples are by no means widespread. Instead we have seen a steady 
build-up of analytics capabilities to handle equipment condition monitoring within the O&G 
companies onshore operation centers. For Equinor this monitoring capability is the main driver behind 
their ongoing digitalization programs [37].   
 
It is reason to believe that the successful stories with remote monitoring from a 3-party is strongly 
connected to the way the operator companies establish incentives. Remote monitoring will reduce 
unnecessary waiting time offshore in terms of parts, work packages and dependency on other jobs. 
The result is reduced costs and fewer offshore days for the operator company. But how will this affect 
the supplier? It is common for offshore working hours to be invoiced according to so-called 
reimbursable contracts. By working more efficiently and having fewer people offshore, contracting 
tools miss out on a possible profit.  There are experiences showing that to establish sustainable models 
from this concept, the operator has to take considerable CAPEX together with the supplier to establish 
the operation centers. Since, operation from the supplier's center can also entail a contractual lock-in 
for the oil company, and therefore requires a great deal of trust between the parties. [8].  
 
5.3.7 Bring the problem to the expert 
Traditionally O&G companies (operators as well as service companies) had all their expertise in-house 
and typically organized in asset organizations. The traditional organization model of having one 
individual responsible in each asset team, and circulating those resources to spread the expertise, is 
not very efficient, because, at any one time, an inexperienced individual may be struggling with data 
interpretation of a frequent problem, at the same time as an experienced individual is rotated to an 
asset team where the problem occurs very rarely. The organization is not making the most-effective 
use of its limited expertise [22] 
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Figure 9. Models for operation  

 
Figure 9 from in Gilman & Nordtvedt [22] shows one of the basic principles for IO. The left side of the 
figure is an illustration of self-supported fields while the right side is showing shared expertise across 
fields. HRM, SS etc. are different functional areas.   
 
Looking into the manning impact of changing model from the left to the right side of Figure 9, we used 
data from an unpublished IFE study performed for a major operator of the NCS. The study was done 
to estimate the total manning needs of a new offshore installation. A total of 13 different in-house on 
shore support centers were identified with deliveries of services to the particular offshore installation.  
The centers were spread on 7 different geographical locations all over Norway. In the study, 70 
different specialized competences or functions were identified, (3 of the centers were not mapped in 
detail due to an incompatible business model for service delivery).  Of the different competencies, 51 
were given time estimates for how much they were supporting the specific offshore installation. The 
total delivery to the offshore installation from these 51 competencies was approximately 30 FTE (Full 
Time Equivalents) with a range from 0,1 and up to FTE 2.2 per discipline (mean value .6 and median 
value .5).  Since 6 of the 51 competencies delivered more than one FTE, the minimum number of 
people involved in support delivery had to be 57.  Using IO and changing from a traditional self-
supported field to expert centers (from the left to the right-side model of Figure 9), gave a theoretical 
saving of 27 FTE. However, this theoretical number for savings would be reduced for the competencies 
delivering only a fraction of an FTE and where the competence could be rotated between fields or 
locally could serve multiple offshore installations hour by hour.   
 
5.3.8 Collaboration between operators and contractors 
A major challenge for realizing the improvement potential is the contractual relationship between the 
contractor and the oil company. Challenges have been:  

• Lack of KPIs and incentives to support the desired new ways of working 

• Few initiatives for local middle management to adapt new ways of working with contractors 

• Incompatibility of IT systems and collaboration technology  

• Disagreement about who is going to take the cost for establishing the collaboration solutions 

• Lack of contractor culture for innovation in their business models  
 

To overcome these challenges Kaland and Nordtvedt [10] suggest incentivizing contractors to deliver 
more services according to IO principles. In order to succeed the same holistic approach, fulfilling all 
Lilleng [25] success criteria must be applied. In addition, the holistic perspective must transcend the 
contractual barrier between the parties. Operators must take the lead in creating an environment of 
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trust, where innovative IO based delivery models are valued. It must become possible for contractors 
to differentiate themselves by proposing new ways of working and collaborating that can create 
win/win situations. KPIs and compensation models must be adapted, and a shared improvement 
agenda must be established. 
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6 The capability approach to IO 
A capability in general is the ability to perform a particular task or activity. Operational capabilities 
pertain to the current operations of an organisation and thus enable organizations to perform their 
necessary tasks. A dynamic capability, on the other hand, is “the capacity of an organisation to 
purposefully create, extend, or modify its resource base” [52]. The resource base includes tangible, 
intangible and human assets. Further, it may include resources that the organisation has access to, 
but not necessarily owns. Henderson et al. [38] broadly categorizes the organization’s resource base 
into four types of assets: people, processes, technology, and governance/organisation when referring 
to the oil and gas industry.  
 

6.1 Capability thinking 
Henderson et al. and Hepsø et al. [38, 39] have outlined a 
series of steps to successfully configure the organization’s 
resource base in a manner that matches well with its context.  
As described by Henderson. et al. [38], to have the 
‘Capability’ to improve business value you must have a 
balanced approach to all four key elements, see Figure 10.  
 
Focusing on the deliveries from the organisation, the crucial 
questions to ask are: 

• Process – What is the core value process and 
underlying processes that is to be improved and 
updated? 

• Technology – What technologies and working 
environments are needed to improve the process? 

• People and Resource – What skills, competencies 
and behaviors are needed to execute the process 
and use the supporting technologies? 

• Organization and Governance – What organizational 
structures, incentives and relationships are needed 
to execute the capability? 

 
For a discussion of the capability approach methodology, see Appendix A.  
 

6.2 IO success criteria and work process aspects  
One example of a structured approach to IO which embraces the entire organisation and directly 
addresses the value chain work processes are the IO guidelines developed by Equinor (Figure 11). 
Their guideline describes requirements for selected work process aspects [25]. The IO guidelines and 
requirements pertain to the following seven interdependent success criteria [10, 25]:  
 

• Strategy, mindset and leadership: Holistic IO mindset in the way of leading and working. 
Required training and competence to support open/transparent collaboration and cross 
functional decision making across geographically dispersed teams. KPIs and incentives that 
stimulate the change process. 

• Work processes: Formal work processes and governing documents that lay the basis for new 
– IO based ways of working (Best Practice) 

• Operating model / way of working: Clearly defined ways of working across functions and 
geographic locations. Clear roles and responsibilities and allocation of work tasks for all 
persons, disciplines and organizational units (internal and external) that are involved. 

Capability

To Add

Value

People

Process

Technology

Organisation

Figure 10. A capability is the synthesis of the 
interdependent resources involving people, 
process, technology, and governance that 
directly creates added value (Figure and 

definition; Henderson et al [38]) 
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• Collaboration workspaces and arenas: The physical and technical set-up, facilities and 
functionalities to support collaboration and decision making for all participants, independent 
of geographical location. Interactive screen displays that compile and visualize updated and 
synchronized information from many different sources to support the actual collaboration 
and decision making. 

 

 
 

• Information access and decision support: Information and IT architecture, applications and 
interfaces that enable effective routing, transmission and processing of real-time and other 
relevant data. This ensures secure and efficient access to all relevant information for the roles 
involved. Communication infrastructure and data transfer: End-to-end communication 
solutions with sufficient capacity and responsiveness, security and availability. 

 

• Data capture/data basis: The required instrumentation of plant and equipment for capture of 
real-time data. Access and retrieval of relevant reference and experience data. 

 
The guidelines support an assessment of the value contribution an IO form of work will have in 
selected areas (aspects). The purpose of this is to link improvements to the company's overall business 
goals. Furthermore, the as-is situation is evaluated for each of the 7 IO success criteria against a future 
desired situation and improvement measures are formulated. 

Figure 11. IO success criteria as described by Lilleng et. al [25, 40] 
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Henderson et al. [38] uses the IO success criteria during the process of defining capabilities both within 
and across the layers in the stack. They integrate their capability platform with the 7 success criteria 
as shown in Figure 12, suggesting a three-layer capability stack model.  
 
 

 
Figure 12. Three-layer capability stack model corresponding to the IO success criteria. From 

Henderson et. al [38] 
 
 
Capability development examples are described in appendix A.  
 

6.3 Examples of organizational support capabilities 
The following categorization can be used to describe the work system in terms of layers in a capability 
stack.  
An operational capability layer consisting of:  
a) Capabilities to deliver production (including daily operations and production, planning and 

optimization of deliveries).  
b) Capabilities to keep the production running (including maintenance, development and 

modifications, and follow-up of service vendors)  
c) Capabilities for problem solving (handling production breakdowns and restoring production). 
A support capability layer: Capabilities to manage information and collaboration, knowledge sharing 
and analytics, analytics support, innovation and improvement and needs for competence 
development. 
And a foundational layer consisting of:  
a) Physical infrastructure (process and wells) 
b) Operational control facilities, networks and IT solutions 
c) Functioning organization, with governance, competence management, value chain management 

with contractors and vendors agreements.  
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Figure 13 illustrates four capabilities identified as critical for the support capability layer to empower 
the company to respond to the main drivers for transformation [41] 
 

 
Figure 13. Capability stack with organizational capabilities support layer 
 
 
6.3.1 Analytics 
The analytics capability is internally oriented in terms of its usage, although it leverages data from 
multiple and various sources. A key goal of the analytics capability is to enable utilization of data in 
decision making processes. Furthermore, increased access to data enables greater transparency 
towards collaborating partners (i.e. service vendors) and increased availability of facts in assessments 
by engineering staff, which can increase effectiveness and quality of work. To achieve these goals, it 
is proposed that an organization needs to compile existing data, identify new data sources, prepare 
projections and simplify access to relevant data for the various decision makers.  
 
Each of these needs to be linked to a business decision and embedded in the day-to-day business 
processes in order to deliver maximum value, and companies need to ensure that any IO solutions 
include these considerations. If an analytics engine is deployed to provide alerts based on well failure 
pattern rates, how is the organisation going to respond to those alerts? Who will be responsible for 
analyzing the recommendation, making a decision, agreeing on a corrective action and implementing 
that action? 
 
6.3.2 Collaboration 
Due to the high degree of specialty of work, geographic dispersion of competence, and reliance on 
service vendors, collaboration is central for an effective work form in most key processes in the 
company. The goals of the collaboration capability are to streamline work processes and resource 
utilization, and to optimize task allocation. The collaboration capability is proposed to simplify access 
to and utilization of competences independent of organizational and geographical location and ensure 
utilization of facilities and tools that are suitable for the various interaction needs, ranging from simple 
sharing of a document with a colleague to advanced multipart, video-mediated work meetings with 
vendors or authorities. For collaboration to be an effective work method in the company, the 
necessary facilities and tools first need to be established. Subsequently, the organization needs 
increased competence in new ways of working, including the appropriate use of technologies. We 
have observed great variety in terms of people’s competence in using various collaboration 
technologies. We also observed that an important competence is to adapt to the preconditions of, 
and guide, external parties during interactions. It also became evident that the organization needs to 
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have a defined support function for the technologies, which will lower the threshold for using the 
technology if people encounter problems.  
 
6.3.3 Innovation 
The innovation capability is comprised of three main types of situations; continuous improvement 
referring to incremental innovation, development projects referring to increasingly radical 
innovations, and R&D projects in which new knowledge is developed in partnership with external 
parties (i.e. research institutes, other operating companies, technology developers, etc.). The goal of 
the capability is to streamline work processes, develop and implement new tools, methods and 
processes, and to develop competence and knowledge to support efficient task execution in the 
operational capabilities. The future demands point to faster pace of change, especially in terms of new 
technology. Therefore, the company needs to be able to detect new opportunities, screen the 
opportunities for their relevance, seize those that are deemed applicable, and finally implement 
necessary changes. Furthermore, to be effective in innovations, the organization needs to increase its 
capacity for innovations in terms of competence so that a greater number of employees can effectively 
contribute in innovation processes.  
 
6.3.4 Influence  
To take a proactive stance for companies in the industry, it is vital to establish co-operation and a long-
term plan among several companies to mobilize needed resources to work systematically towards 
framework conditions. This type of work is long-term and demanding, and not part of everyday 
operations. Typically, there are few internal resources available to perform such work. Such 
collaboration has proven effective both to identify areas where the companies have common interests 
and to increase quality by gathering expertise in communication across the companies that, together, 
were able to sustain focus on producing messages that otherwise were likely to be heavily interrupted 
by other tasks internally in each company.  
 

6.4 Maturing capabilities 
The Capability Resource Matrix is a structuring tool to be used in the planning process that describes 
five maturity levels through which you manage and develop your capability resources in line with the 
intended capability delivery. Using the matrix as a tool can facilitate the planning process, and its 
output can easily be transformed to an implementation plan for the project.  
 

 
Figure 14. Capability resource matrix, based on the people capability maturity model [42] 
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Figure 14 shows the structure of the Capability Resource Matrix, as well as the generic definitions of 
the levels. The staged process of development implies that the organization needs to steadily develop 
its resources level by level. This is to make sure that you are not attempting to conduct changes that 
your organization is not ready for. You are able to achieve a determined level of maturity if all the 
resources achieve that same level of maturity. The highest level of capability maturity in this tool 
concerns continuously adjusting and improving internal processes and external partnerships in 
response to changing environments (referring to changes in opportunities and constraints, e.g. new 
technological developments), so that you maintain value from your capabilities. Although you may be 
excellent at continuous improvements in general, you are not able to conduct continuous 
improvements and innovations in a specific area unless you have control of how to execute these 
capabilities today and acquire experiences on what works well and what can be done better.  
 
6.4.1 Collaboration  
In order to take out the potential of collaboration, the collaboration applications and environments 
need to be transformed from “Technology” into “stuff that works”. To some extent, this is of course a 
matter of selecting user friendly technological solutions. However, a key issue observed is that for 
collaboration to actually take place, a set of interdepending resources (people, processes, technology 
and governance) must reach the appropriate maturity level. Furthermore, in many cases these 
resources are not well tuned, and certainly not tuned early enough (or persistently enough) for the 
technologies to work as planned [48]. In other words, the technology may be excellent or lousy, but a 
key success criterion is that its capabilities are aligned with the way of working as well as the 
organization´s competence, and thus perceived by all as a necessary enabler, instead of another 
obstacle. This requires that collaboration is not handled as a technology procurement, but as the 
development of an organizational capability [32, 44, 48]. Examples of collaboration environments are 
shown in Figure 15. 
 

  

      
Figure 15 Various collaboration environments 

 
Below, in Table 2, is an example of a collaboration maturity matrix, levels 2 through 4. This indicates 
what the different maturity levels of a collaboration capability entailed for one specific organization.  
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Table 2. Collaboration maturity matrix example 

 People Technology Organization and 
governance 

Process 
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➢ Competence to 
consecutively evaluate own 
collaboration competence 
➢ Culture for continuous 
improvement of 
collaboration (each individual 
able to see potentials for 
improvement 
➢ Understands the 
limitations for collaboration 
with existing technology 
Support functions: 
➢ Understand future needs 
for own competence  

➢ Continuous 
implementation of new and 
improved technology that 
enables collaboration. 

➢ Understand future 
training requirements and 
facilitate implementation of 
new collaboration tools 
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➢ Knowledge of deliveries 
and available competence 
from other units  
➢ Collaboration training 
according to individual 
competence requirements 
➢ Each individual take 
responsibility for 
communicating needs for 
training or other enablers for 
effective collaboration 
➢ Trained for collaboration 
accross the organization 
(discipline, location, sector) 

➢ Technical challenges 
have been addressed and 
rectified 
➢ Emerging additional 
requirements have been 
seen to (tools and arenas 
adapted to the organizations 
needs and use) 

➢ Evaluation and 
adaptation of organizational 
structure 
➢ Evaluation and 
adaptation of IT-policies and 
governing documentation 
➢ Evaluation and 
adaptation of agreements 
and contracts with external 
collaboration partners 
➢ Competence planning 
covers needs for operation 
and exploitation of 
collaboration technology 

➢ Evaluation and 
adjustment of work 
processes with regards to 
efficiency, quality, security 
and flexibility 
➢ Established routines for 
evaluation of collaboration 
across the organization 
➢ Established routines for 
handling of training needs 
across the organization 
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 Users: 
➢ Knowledge of deliveries 
in own unit 
➢ Knowledge of available 
competence in own unit 
➢ Skills in use of relevant 
collaboration tools 
➢ Knowledge of who to ask 
for help in trouble shooting 
➢ Understand and are 
engage in collaboration as a 
way of working 
➢ Understand «what the 
people at the other end 
need»  
 
Support functions: 
➢ Competence in user 
support for collaboration 
tools 

➢ Adequate IT 
communication 
infrastructure 
➢ Each role has access to 
necessary data across 
location and organizational 
boundaries  
➢ Each role has access to 
relevant customized 
information (dashboards) 
➢ All members of the 
organization have access to 
relevant collaboration tools 
➢ All members of the 
organization have access to 
adequate physical 
collaboration arenas 
(meeting rooms, video 
conference facilities, 
intranet) 
➢ Backup solutions for 
collaboration tools have 
been established 
 

➢ ICT policy enables role 
based access to relevant data 
and information 
➢ ICT policy ensures data 
security 
➢ Organizational care 
taking function for 
collaboration technologies 
established (service, error 
correction, access 
administration) 
➢ Organizational structure 
ensuring that decisions are 
made at the right level 
➢ Contracts established for 
necessary services and 
products to maintain 
infrastructure 
➢ Contracts put 
requirements on 
collaboration partners 
collaboration competence 
and infrastructure 
➢ Competence planning 
covers needs for operation 
and exploitation of 
collaboration technology 

➢ Well defined work 
processes that include the 
right roles, competencies 
and decision authority 
➢ Defined processes to 
ensure collaboration training 
➢ Defined processes for 
maintenance of support of 
collaboration technology 
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6.4.2 Leadership and change management 
In 2014 IFE lead a study on IO leadership for the Centre of Integrated Operations in the Petroleum 
Industry, which resulted in a handbook on IO leadership [45]. For this study, IO leaders across 
companies and across nationalities were interviewed on their experience from leading IO teams and 
IO organizations. What were the challenges and particularities brought on by IO? Which, in their own 
opinion, were their most successful approaches and measures in meeting these? 
 
IO differs from traditional ways of working by “bringing together diverse and geographically 
distributed disciplines and teams in a collaborative setting for the purpose of achieving a common 
goal. By reducing the impact of traditional obstacles of geography, organization and professional 
discipline, IO aims to facilitate better decision-making and safer, more efficient operation.” Ibid.p.6. 
Furthermore, IO creates significant changes in the organization with a significant increase in 
digitalization combined with the reallocation of roles, functions, decisions and work tasks to new parts 
of the organization.  
 
Some typical examples of leadership challenges in an IO organization were: 

• Leading from afar 

• Encouraging staff (and one-self) to let go of the old ways along with embracing the new 

• Sharing leadership 

• Handling goal conflicts 
 
A Petrobras manager depicted this situation as “constantly balancing the organization” as illustrated 
in Figure 16. 
 

 
Figure 16 Leading an IO organization – a Brazilian manager´s experience 

 
Some typical challenges in establishing IO are: 
 

• Communication, involvement of and negotiations with unions and employee representatives 
o Adequate involvement of these in the change processes 
o Achieving timely acceptance for the necessities and opportunities of change 

• Communicating the new way of working to all levels of the organization 
o Creating buy-in for new solutions  
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o Building trust in new structures and between people who do not work face-to-face 
 

Several organizations experienced lengthy evolutions of integrated operations. This was not 
necessarily a part of their strategy and was closely connected to the complicated process of getting 
the unions on board for significant change.  
 
Furthermore, an important factor in evolving and creating acceptance for IO across the organization 
was the piloting model. For the larger companies, this meant starting IO implementation one field at 
a time. The more successful early pilots [14] were fields where the sense of urgency for change was 
already strong or easy to establish due to expensive operation combined with falling oil prices. This 
meant an imminent risk of operation ending in near future, thus losing their jobs.  Demonstrating the 
effect of IO at such installations was crucial for the buy-in of the next field. Providing IO training and 
having leaders actually walking the walk were also significant factors. The most successful pilots had 
enthusiastic champions at several levels of the organization. 
 
This did not always work, however, and in some fields strong minded and change resistant unions and 
employees delayed or constrained the adoption of change for many years. It was also observed that 
often IO change would deteriorate if the enthusiastic champions (see Appendix H for more about this 
role) were too successful, thus being promoted and moved elsewhere before the change stuck.  
 
Employee involvement is a useful tool for ensuring that employees have an influence on the future 
organization changes. Involvement may occur in several stages of the project. IO vision and goals 
should be influenced by input from workshops with managers. Strategies for implementing the goals 
may also be defined in collaboration with medium and lower level managers through workshops or 
similar methods. Employees take an important role in the mapping of roles and tasks. And selected 
representatives from the organization may participate in the project team and be involved in the 
organization modelling (Figure 17). In order to create realistic and functional work processes it is 
important that line managers or operative personnel are involved.  

 
Figure 17. Example of employee involvement plan used for IO organisation modelling projects on the 
NCS 
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In order to make the model delineated in Figure 17 work in practice, an important measure is to follow 
up the unions’ information meeting with establishing a common understanding of openness in the 
project. This means an open-door policy where union representatives at any time can request status 
and progress update meetings or pose questions to the project team. Failing to use this arena to 
encourage a questioning attitude from the unions has been major communications error in several 
projects. This failure has led to late discovery of objections from the unions and thereby severe project 
delays.  
 
6.4.3 Capability maturation and adopting change  
The capability development through maturation can be combined both top – down and bottom up.  
Obviously, key requirements will have to be established according to the identified high-level goals 
and deliveries from a given capability, but the process of establishing more detailed requirements will 
have to be aligned with the organizations needs for competence, work processes and technology 
delivering into operations. According to Hepsø et al. [39] the development of an organizational 
support capabilities like collaboration is a stepwise process (Figure 18). The capability will have to be 
tested out and experienced in each step through practice and lessons learned.  This way each step can 
reveal opportunities not seen in the preceding step. Establishment of an innovation culture will be 
decisive for how well the opportunities are utilized to create new business processes across existing 
disciplines and company borders.  
 

 
Figure 18. Collaboration as a capability platform  
 
Starting top down defining a new operation model, Saputelli et al. [21] provides a good summary of 
the need for guidance in the change process. For example, Chevron’s i-field, i.e. the integrated field, 
is an operational transformation philosophy driving enhanced and optimized operating processes, 
with common attributes: (1) Manage by exception (focus on highest value), (2) Improve collaboration 
across distance and across functions, (3) Standardize and centralize analysis and decision making, (4) 
Use relevant-time data in decision-making and (5) Reduce ad-hoc trips to field locations.   
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7 Summary 
The full implementation of IO will have significant economic value both for the commercial companies 
as well for Norway as an oil and gas producing country. Petoro has estimated the added value on the 
Norwegian Continental Shelf by employing IO extensively to be $40 billion in net profit value term.  
 
In its operationalized form IO is about utilization of the new technology for working more efficient and 
making better decisions. During the last 5-7 years the focus has changed, first from technology then 
to more emphasis on the human and more recently to work processes and the way work is organized.  
Work processes is believed to be a main vehicle for changing the way of working according to the new 
IO philosophy.   
 
Current technology allows taskbots (computer algorithms that handle repetitive, rule-based tasks that 
rely on structured data) to support routine inspections, operator rounds or other tasks, and suggest 
actions when exceptions are noted. The increasingly ubiquitous use of mobile computing devices in 
the field will allow operators to contact experts and access information relating to field equipment 
and performance. Security of the organisation will be based on robots and drones surveying assets, 
along with tiny sensors in refineries, geological formations or equipment installations. However, the 
learnings from the last ten years of implementation of IO in the petroleum industry might offer 
valuable guidance for the further streamlining of O&M across industries. Hunting for the newest and 
most advanced technology has not delivered value within the foreseen timeframe. On the contrary, 
the evaluations referred in this report suggest that implementations should be adapted to the he 
company’s cultural and organizational characteristics, the experience it has gained and the assets it 
operates.   
 
The three main strategic phases for first generation IO implementation recommended by Equinor are 
from pilots to wide deployment, field-specific action plans and strengthening the decision-making 
onshore organisation and executing offshore organisation. These strategies were pursued 
sequentially, but in parallel with each other [11].  
 
Typical lessons learned on the journey from technology focus to emphasis on the organisation are [2]: 

• Understand the impact: It is easy to get caught up in technology hype and start new digital 
pilots without proper consideration of the business outcome. 

• What business issue or opportunity is being addressed? How will the technology be used by 
the workforce and fit into business processes and decision-making? 

• Enlist the experts: Design thinking will be required to bring new possibilities to life that 
combine man and machine to enhance the generation of intelligent options. This will require 
establishment of organizational innovation capabilities that support your discipline experts in 
identification of improved work processes.  

• Companies should continuously look for ways to build trust and interaction between support 
centers and field teams through staff rotations or periodic co-location. 

 
 
A number of obstacles have slowed the uptake of technology as well as new ways of doing operations 
and progress of IO implementation has not been as fast as foreseen. Based on the literature and 
experience from two decades of work in the industry, we sum up the following recommendation for 
successful implementation of IO.   
 
Make the most out of Kotter’s [46] steps to create a climate for change  

o Engage and create agreement in the industry about what has to be done 
o Establish a company/ industry IO philosophy with a vision and high-level goals in early 

project phases.  
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o Establish business cases that estimate value by analysis that takes the final state of 
operations into account 

 
Establish high level goals and guiding operational philosophy and capabilities 

o Identify and detail guiding principles for operations 
o Identify and develop capabilities necessary for a new way of work 

o Do staffing according to minimum manning principles 
 

Expect the implementation to take 2-5 years and do not rotate key stakeholders out their positions 
before the implementation  
 
Governance, both at the asset and at the organization level is key to achieving good results. 
Governance includes tracking exceptions and making decisions about allowing them; maintaining 
training and coaching, managing continuous improvement processes, and ensuring incentives are 
aligned and remain aligned even as situations change [24] 
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[8] Osmundsen, P., 2011. Samhandling på sokkelen – kontrakter og insentiver. Praktisk Økonomi og 
Finans 1, pp. 75-87. (in Norwegian). 

[9] Rosendahl, T., Egir, A., Due Sørensen, L. K. and Ulsund, H. J. (2012).  Integrated operations: 
Change management in the Norwegian oil and gas industry Beta 26 (01), 40-62 

[10] Kaland, T., Nordtvedt, J. E., & Seim, O. (2016, April 20). How Can Integrated Operation Contribute 
to Improve the Efficiency on the Norwegian Continental Shelf? Society of Petroleum Engineers. 
180014-MS  

[11] Henriquez, A., Fjærtoft, I., Johnsen, C., Yttredal, O. & Gabrielsen, T. (2008, January 1). Enablers 
for Successful Implementations of Intelligent Energy: The Statoil case. Society of Petroleum Engineers. 
111470-MS  

[12] Gilman, H. and Nordtvedt, J-E. 2014. Intelligent Energy: The Past, the Present, and the Future. SPE 
Econ & Mgmt 6 (4): 185–190. SPE-167895-PA.  

[13] Edwards, A. R., Helm, P., & Dhubaib, T. (2013). The Art of Intelligent Energy (iE) Part 2 - Insights 
and Lessons Learned from the application of iE between 2009 and 2012. Society of Petroleum 
Engineers. 167495-MS  

[14] Holst, B. and Nystad, E. (2007) Oil & Gas Offshore/Onshore Integrated Operations - Introducing 
the Brage 2010+ Project. Joint 8th IEEE Conference on Human Factors and Power Plants and 13th 
Annual Workshop on Human Performance, Monterey, CA.  

[15] Halland, T., Jensen, L. K., Eike, M., & Solnordal, D. (2013, October 28). Implementing Intelligent 
Energy - Change Management Experiences and Recommendations. Society of Petroleum Engineers. 
doi:10.2118/167451-MS 



 

 36 

[16] de Best, L. and van den Berg, F.: Smart Fields - Sustaining and Accelerating Benefits from 
Intelligent Fields SPE 150407, Intelligent Energy, Utrecht, 2012 

[17] Lochmann, M. and Brown, I.: Intelligent Energy A Strategic Inflection Point SPE 170630 presented 
at the SPE Annual Technical Conference and Exhibition held in Amsterdam, The Netherlands, October 
27–29, 2014. 

[18] Van den Berg, F. G., McCallum, G. A. R., Graves, M., Heath, E. and Evans, A.: Collaborative Work 
Environments in Shell—Global Scale, Learning and Evolution SPE 167455, Intelligent Energy, Dubai, 
2013. 

[19] Clark, A., Larsen, H. W., Nordtvedt, J.-E., Stafford, B. T., & Unneland, T. (2019, May 13). Data on 
Work – An Untapped Asset for Operational Improvements. Society of Petroleum Engineers. 
doi:10.2118/195631-MS 

[20] Thorogood, M., Diaz, A., Manescu, G., Benelkadi, S., & Hay, K. (2009, January 1). The Right People, 
Process and Technology: A Formula to Value-Added. Offshore Mediterranean Conference. 

[21] Saputelli, L. A., Bravo, C., Nikolaou, M., Lopez, C., Cramer, R., Mochizuki, S., & Moricca, G. (2013, 
October 8). Best Practices and Lessons Learned After 10 Years of Digital Oilfield (DOF) 
Implementations. Society of Petroleum Engineers. doi:10.2118/167269-MS 

[22] Gilman, H., Lilleng, T., Nordtvedt, J. E., & Unneland, T. (2016, September 6). How Do We 
Accelerate Uptake and Fulfill the Value Potential of Intelligent Energy? Society of Petroleum 
Engineers. doi:10.2118/181091-MS 

[23] Edwards, A. R., Mydland, O., & Henriquez, A. (2010, January 1). The Art of Intelligent Energy(iE) 
– Insights and Lessons Learned from the application of iE. Society of Petroleum Engineers. 
doi:10.2118/128669-MS 

[24] Quaadgras, A., & Edwards, A. R. (2013). Intelligent Energy - Changing How Work Gets Done. 
Society of Petroleum Engineers. 167497-MS  

[25]: Lilleng, T., Øyen, M., Farestvedt, U., Engelsen, H., Nordbø, H., Vennes, B., Revheim, A., Seim, O 
and Halvorsen, T. Integrated Operations in Statoil - from Ambition to Action, SPE 150418, Intelligent 
Energy, Utrecht, 2012.  

[26] IO – getting it moving Feature Articles, January 2009 (Digital Energy Journal) 
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Appendix A. Capability development methodology  

Our recommendation for development of a capability stack and maturation of capabilities is based on 
the approach developed by Henderson [38] and operationalized in the Capability Handbook [47]. 
More insights into this approach can be found in Reegård et al. [48].  This approach follows a stepwise 
guide from [47] as shown in Figure 19, Figure 20 and Figure 21 below.  
 
The Capability Approach is a method set developed by IFE, Equinor (then Statoil), Shell and Boston 
School of Management under the SFI Integrated Operations in The Petroleum Sector in the period 
2010 to 2013 [16, 27, 47, 48]. An important aspect of this method is to early identify all key resources 
that need to be in place for the organization to achieve a new capability or capability (capability), as 
opposed to planning technology, process, human resources and governing documentation in its own 
and little interconnected races. The method has some similarities to the Equinor IO methodology but 
is complementary to this. 
A capability or trait is seen in this method as a synthesis of the elements: human, process, 
management principle and technology, which together constitute the necessary building blocks to 
deliver a new desired performance. 
 
Human: Expertise, experience, management, mindset, communication etc. 
Technology: Control systems, automation, sensory, platform, control room, MMI etc. 
Process: Workflow, roles, responsibility, interaction, decisions etc. 
Governance principles: Operating model, organizational structure, contracts, guidelines, 
requirements and legislation etc. 
 
These elements will be part of all the criteria in the Capability Stack in Figure 11 and Figure 12 in 
chapter 6 of this report. In order to obtain real gain by changing or introducing something new, the 
maturity level of all these four aspects must be equally high and they must be matched to each other. 

 
Figure 19. Capacity approach - schematic methodology [47] 
 
The method consists of four main steps (see Figure 19), which briefly explain involves: 

1. Understand and define the operational context and the possibilities and limitations that lie 
within it 
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2. Based on the context analysis (1), identify the capabilities or new features that are critical to 
operation 

3. Detailed the capabilities layered as a capability stack to produce a complete image 
4. Designing the combination of people, processes, technology and management principles that 

capabilities are built up from 
 

 
Figure 20. Process for targeting IO capabilities [43] 
 
 
In targeting capabilities that are meant to support operations, we need to identify the outcomes of 
the capabilities in terms of their operational usage. As a part of the definition work, the table below 
could be useful as an example of goal definition and deliveries from the capabilities. In a project 
described in Reegård et al. [41] analysis, collaboration, innovation and influence were identified as 
key support capabilities to value creation in a power grid company (Table 3).      
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Table 3. Definition and detailing of capabilities 

 
 
The process for developing capabilities is presented in Figure 21  
 
 

 
Figure 21. Process for developing capabilities [43] 
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Appendix B. Example meeting plans and agendas for short and long loop meeting  

 
Meeting agendas short loop processes 
 

Time Frequency Meeting title Purpose Participants Place of 
meeting 

06:45-
07:00 

Daily Handover CCR Ensure information 
transfer between 
shifts  

CCR night and day shift. O&M 
leader 

CCR or 
adjoining office 

07:00-
07:10 

Daily Work start-up 
meeting 

Ensure safe and 
efficient start-up of 
work. Important 
safety messages 

O&M leader - disciplines Close to process 
area 

08:45-
09:00 

Daily Prioritization – 
meeting  

Ensure quality of 
todays’ plan against 
upcoming needs 

Onshore: O&M, Work package 
planners, operations planner 
Offshore: OIM, O&M, Foremen 

Video 
conference 
room 

07:30-
07:45 

Daily 
minus 
weekends 

Meeting 
operation group  

Information 
exchange 

Onshore: Operations group 
Offshore leader group  

Video 
conference 
room 

10:00-
10:15  
 

Daily 
minus 
weekends 

Production 
optimization 

Ensure optimal 
production 

Offshore: CCR, O&M leader 
Onshore: POG-leader, Integrity 
and Production engineers 

CCR – 
collaboration 
room 

09:00 
and/or 
15:00 

Daily Coffee and 
safety meeting 

Break and safety 
focus 

O&M and HSE leader – 
alternating different areas 

Workshops and 
coffee areas 

14:45-15 Daily QA for next day 
work permits 

Ensure quality in 
WP applications  

O&M leader, drop-in for WP 
applicant 

Meeting room 

17:30-
18:00 

Daily Evening leader 
meeting with 
next days’ work 
permits 

Information, 
prioritization and 
approval of next 
day WP 

IOM, 1. line leaders, HSE, 
Workers representatives 

Collaboration 
room 

19:00-
19:15 

Daily Handover CCR Ensure information 
transfer between 
shifts  

CCR night and day shift. O&M 
leader 

CCR or 
adjoining office 
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Appendix C. Simplified maintenance  

Example: If a craft worker finishes a planned job and there is 30-60 minutes before the end of the day, 
a simplified maintenance job will typically be well suited for filling the remaining work hour of the day. 
The simplified maintenance concept has been developed to  
 

• Purpose: To allow a simplified procedure for performing corrective maintenance where the 
task has limited complexity, short duration and no need for coordination across disciplines.  

• Reduced administration for simple maintenance tasks 
• Requires that logging and control routines are used to avoid the loss of historical information 
• Simplified maintenance shall not have priority over planned activities 

 
 
Figure 22. Example of board with “just do it” jobs. After execution, 
only number of jobs are logged 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Example of jobs that can be carried out as simplified maintenance  
Mechanical  

• Make and change hydraulic hoses 

• Vibration measurement 

• Lubrication of electric motors 

• Work on filters 

• Workshop jobs 

• Lubrication samples 
I&C  

• Simple improvements on order from the control room 

• Change of smoke detectors 

• Findings from Predictive Maintenance 

• Fiscal systems where they are duplicated 
 
Electric 

• Maintenance of light fixtures 

• Replacement of fluorescent lamps 

• Lubrication of gaskets on electric equipment in Ex class areas 
 
Process 

• Filter replacements 

I & C

Just do it! 

Mechanical

Electric
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• Lubrication 

• Change of manometers 
The concept of  
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Appendix D. Multi -skilled workers 

Combined with a multi-skilled staff, simplified maintenance will enable and far more efficient use of 
personnel. Typically, field operators are a resource that can be utilized multi-skilled. This discipline is 
often dimensioned on the basis of a great need in many hands in connection with the commencement 
of work. After the work is started in the morning, the discipline often has a lot of free time that can be 
used for maintenance work if this is facilitated. 
 
The following insights have been identified as relevant for implementation of multi-skilled work 

• Approved regulations to be able to set multi-skilled worker requirements 

• Good follow-up routines for multi-skilled personnel that ensure competence in both 
disciplines 

• Clear requirements for extra courses and certificates, for example in ISS disciplines 
(Insulation, Surface treatment and Scaffolding) 

• Low turnover. Core competence personnel are defined and employed in the fixed basic 
manning 

• Staff recruited for working as process technicians should have one mechanical, electrical or 
I&C certificate, or as a minimum, documented basic competence in one additional discipline 
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Appendix E. Campaign (Block) maintenance  

The example below is for one campaign team. 7 campaigns each year according to a typical offshore 
2-4 rotation schedule. The model was a precondition for the successful staff reduction at the Brage 
platform [14].  
 
Scope defined for campaign is PM with intervals of X months or more. 
 
Identified success criteria for campaign (block maintenance) 
In general: 

• Campaign core teams are staffed with internal resources for all disciplines 

• 7 campaigns per year (2-4 scheme) distributed on different shifts to distribute extra workload 
from the campaign on shifts in the operating organisation. 

• Campaign rotation schedule is locked and should not be changed for the sake of personnel 
involved. Maximum manning of a campaign is posted in the quarterly plan.   

• The remaining hours are spent onshore for planning new campaigns. Preparing / checking 
work packages and materials. 

• Process field operations in the core team to prepare systems for maintenance 

• Collaboration and coordination with fixed operations staff regarding workload and number of 
work permits 

 

 
Figure 23. The campaign core crew does quality assurance and detailed planning approximately two 
weeks before start of the campaign. 
 
 
Planning 
The planning week is completed 2 weeks before the campaign starts (Figure 23) 
Start-up meeting with the operations group and maintenance contractor with meeting agenda 
focusing issues from last campaign, scope, additional work, ordering resources (contractor, vendors, 
materials) 
 
Manning of the campaign 

• Campaign core teams are staffed according to organizational chart. Process field operator, 
mechanics, electro & I&C (combined for small campaigns).  

• Extra internal or contractor personnel are added to be able to deliver the scope of the 
campaign. (see Figure 24)   

Logistics for material and 

other preparations
Plan Execution

3 days 13 days

Planning for  next 

Campaign 1 day
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Figure 24. Campaign maintenance for one campaign team on 2-4 (two weeks on – four weeks off, 12 
hours shifts) shift plan.  
 
Work packages preparation include: 

• Work order well described, with current resources estimated 

• Material ordered 

• P&ID (alternatively, the equipment is marked) 

• Shutdown – blinding plans 

• Completed work permit for each job 

• Plan for maintenance contractor assistance activities 

• Prepare operating conditions for implementation 

• HSE review of all jobs 
 
Observed improvements from campaign models 
The success factor is, good planning done by the core resources of the campaign team (job ownership) 

• Collaboration between the campaign team and maintenance contractor gives good results in 
lowering contractor threshold for HSE reporting 

• Planning your own jobs leads to strong ownership of the jobs, which in turn leads to increased 
efficiency. Typical observations are, less interruptions due to missing or incorrect parts and 
lack of maintenance documentation 

• All involved parties get more knowledge about job plan and job contents 

• Allows for insourcing of supplier jobs. HVAC, Fire doors, etc. 

• Increased plan achievement 
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Appendix F: Collaboration between operators and contractors  

The following description is from a field development project where contractor/vendor collaboration 
had a high priority due to long travelling distances [49]. In order for collaboration between the 
operator and the contractor to be able to contribute with savings on the bottom line, cooperation 
must be arranged on the right level of the organization, with the right people and based on a common 
understanding of how work should be performed [20]. 
 
The most of NCS industry experience from 1st generation IO is from the onshore – offshore 
cooperation. In the current example work practices were developed to handle the “distance factor”. 
The geographical location of the operation center and the fact that the operator was the first company 
to establish this type of organisation in the high north required a different thinking for how to utilize 
contractor and vendor resources. The cooperation partners were to a great extent not locally present. 
Travelling from their current location and to the operation center would take up to one day each way 
and with the uncertainties weather conditions offer. It was therefore proposed a number of principles 
to be applied to the full extent. 
 
“All support from vendors and contractors to District operation that can be done by video and screen 
sharing, shall be done without travelling to the operation center”  
 
This principle put requirements upon: 

• The layout and technical solutions supporting collaboration within and across all sites 

• Contract formats and contractor capabilities 
 
As for the 1st generation IO implementations the onshore operation group work and responsibilities 
will be critical factor in the interplay between locations.  
 
The onshore support group is the HUB for communication towards the CCR. In practice this will imply 
that the onshore personnel shall function as a filter between the onshore and the offshore CCR staff. 
The purpose of this is to: 

o Relieve the CCR from questions that can be answered from onshore 
o To filter out and answer all mail requests and information that has no value for the 

offshore organisation and can be answered from onshore. 
 

To make this happen, onshore operation group need to have the information about availability of 
offshore staff and an updated operational situation picture. Real time pictures provide this where the 
onshore operation group and offshore management mutually can follow each other on the open video 
link.  Similarly, the group developing work packages onshore and the offshore maintenance, and the 
CCR and onshore operation group need to adapt the same principle.   
 
To facilitate this way of working it is necessary to rethink the traditional collaboration room concept. 
Collaboration takes place from the work desk by the PC and by placing the collaboration tools where 
people stay and work. Information sharing to support and establish shared awareness between 
locations and disciplines is located where people walk, work, and close to the information and 
mingling areas.      
1: The use of collaboration across distance shall be a natural part of everyday work. 
2: Three levels of collaboration tools support different situations 
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Figure 25. Collaboration levels of support. The 
inner circle describe support in real time, the 
mid circle describe need for decision support 
tools and the outer circle support functions 
with information sharing 
 
Daily collaboration within and between 
locations is on the high level described in the 
workflows. This collaboration comprises 
regular meetings and all activities describing 
involvement of complementary roles to 
support the execution of workflows.   
In addition to the activities and meetings 
described, the new way of working proposed 

for the Goliat organisation will require a focused approach to continuous collaboration activities 
through the workday.   

 
Figure 26. Collaboration model. Current and next 2-3 years proven technology allows for direct 
connections between system for individuals (PC), small groups (PC and large monitor) and large groups 
(collaboration rooms). 
 
Work/meeting situations involving different groups could be: 
Large group – Large group: Morning meeting between offshore and Hammerfest 
Individual – Small group - Individual: Ad. hoc technical clarification meeting between one CCR – 
operator offshore and 2-3 TSG engineers in operations center and one DT – engineer at national 
headquarters.  
Small group  – Small group: Production optimization meeting with 1-3 participants offshore and 2-4 
participants in the operations center   
If one of the participants are on travel, his/her personal equipment will make it possible to connect 
with sufficient quality to contribute to the meeting. 
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Appendix G. A third-generation Integrated operations?  

 
In a whitepaper from 2008, Konda and Evensen [50] described what some actors in the industry 
believed to be the main features for a third generation IO. An interesting aspect of this model is that 
it seems relevant for field developments in areas with underdeveloped infrastructure like the high-
north operations in the Norwegian Barents Sea where operators are forced to share expenses on 
infrastructure for e.g. emergency preparedness. 

 
Figure 27. Konda and Evensen 3rd generation IO 
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Appendix H. Lessons learned from integrated operations and function reallocation 

For the last 15 years IFE has been the NCS provider of project support for function reallocation 
methodology. The main tool used in this work has been the integrated operations, man – technology 
– organisation analysis method [53]. The method was originally the property of BP, Conoco Phillips 
and Equinor (former Statoil and Hydro), but has been publicly available since 2011. To ensure spread 
of use and availability of practitioners, a number of consultant companies and research institutions 
have been involved in the method development or been trained in use of the method. Open 
availability and increased capacity of practitioners of the approach is an advantage for availability of 
resources to help the operators, but also for development of the method. Unfortunately, no arenas 
or systematic industry forums for method improvements has been established so far.   

The IO MTO method is aimed at existing or new organizations wanting to adopt new ways of 
working based on integrated operations (IO). The main focus of the method is to make sure that the 
organization is adapted to the new ways of working, and that man, technological and organizational 
(MTO) resources are operating together in an optimal way. The method facilitates organizational 
changes through allocating task responsibilities to the right roles and competence. 

 

 

Figure 28. Overview of the five main method phases 

The five main phases in the IO MTO method (Figure 28) frame a complete work system modelling 
recipe. However, making organizational changes is a sensitive activity and the method was therefore 
originally developed to supplement the companies own change processes. Experience during the 
first applications indicated that the companies change management processes lacked the specific 
mechanisms to handle organizational projects with a high degree of innovation. Later versions of the 
method implemented descriptions of basic project needs for user involvement and communication 
as an answer to these challenges.  

During the first phase of any IO project a strategy for communications has to be decided. The project 
team should include at least one insider from the organisation where IO is going to be implemented. 
Being an insider means a person that is well familiar with how the organisation works, the activities 
performed, and who has a good network of contacts in the organisation. The insider will help 
identify stakeholders to involve in the project, and to navigate in the organisation.  

The insider serves as a champion for the project inside the organisation. A proper champion calls for 
certain qualities and characteristics. The champion must have ownership of the project goals, as he 
or she is responsible for the initial marketing of the project within the organisation and thus for 
creating enthusiasm amongst involved personnel and within the project group. It is of paramount 
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importance that the insider is a very forthcoming person with convincing communication skills and 
solid knowledge about the organisation and its people.  

Lack of a proper champion in the project may lead to lack of involvement from the organisation, 
making it difficult to drive the project forward, difficult to get the necessary resources from the 
organisation, and difficult to communicate the project vision and goals within the organisation. The 
practical advantages of having a champion in the organisation are easier access to personnel for task 
mapping and personnel to include in the project group, openness in the organisation towards using 
time and resources for information meetings and workshops.  

The insider should to possess technical and operational insight to understand and communicate the 
practical consequences of IO implementation. Experience with IO implementation projects show 
that an ideal insider may be a medium-level technical manager. This ensures the right level of 
organisation knowledge and technical and operational knowledge, as well as a good network of 
contacts in the organisation.  

Typical additional resources used in IO projects has been the corporate communication functions.  
This function will typically be used for messages from the top management in form of internal 
publications on company intranet or other channels used by the company.  

The project goal definition phase has shown to be one appearing phase deciding the outcome of a 
function reallocation analysis.  Identification of opportunities and definition of new concepts for how 
to run operations and maintenance has shown to be the key element for a successful reallocation 
analysis. (See chapter 5.1 to 5.3 of this report for examples). To be able to perform a successful 
reallocation of tasks analysis for the organisation as a whole, requires clear descriptions of the 
principles outlining the intended new way of working up front of starting the work with task 
mapping and allocation. Only exceptionally, examples of radically new ideas have emerged from the 
work on data.  

The project ambition and goals point out which changes one seeks to accomplish in the organization. 
They describe the imagined layout of the new organization in terms of what kinds of activities 
different parts of the organization should focus on, and consequently what kind of competence is 
needed in the different parts. Project goals determine desired task allocations, and in the next phase 
you are going to analyze whether it is possible to make the changes to task allocations that are 
needed to reach the goals. In this phase you are gathering data about the tasks that the roles in the 
organization perform. You must therefore make sure you collect the information that is necessary to 
decide whether the desired task reallocations are possible.  

To decide level of detail for a task mapping is always a challenge. At the first glance the IO MTO 
analysis can seem pretty detailed, but experience show that time for mapping one position in the 
organisation to a level as shown in Figure 29 is approximately 3 hours.  
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Figure 29. Example of mapping level of detail 

Setting aside one whole workday for mapping a position has shown to be the most effective way to 
ensure both work task descriptions and time for testing hypothesis for the position in question. The 
simple plan has normally been to do mapping before lunch and a detailed hypothesis testing for 
each task according to project goals after lunch. The hypotheses may vary between different 
position or position categories. The hypotheses are determined by project goals or strategies and 
can be formulated as statements about desired task allocation in the future IO organisation. For 
example, if a strategy is to allocate administrative tasks to onshore locations, then the hypothesis is 
that administrative tasks can be transferred to an onshore position.  

The work with organisation modelling is based on the removal of overlapping tasks, removal of no 
longer necessary task, clarification of competency requirements for tasks, etc. This phase will 
typically take from a couple of months to 3-4 months depending on the project size of scope. The 
experience from the reallocation and job design activities is that the IO MTO approach is most 
effective on the lower management, planning, coordination and staff positions. The work with 
tariffed positions (e.g. el, mech, I&C and process) are much more about calculating number of hours 
saved by automation, smart changes to practices and work process optimizations. For all analysis 
performed by IFE in this area, span of control has been maximum 20-25 staff per leader and there 
has been a clear trend towards managers being given responsibility for more employees and 
functions. The typical example is the merging of operations and maintenance manager positions that 
has been implemented in most NCS companies. This focus on extending control span for each 
management position has typically been linked to activity level on the analyzed installation. Criteria 
for activity level have been established and in the case of increased activity the management 
positions have been supported with extra resources.  

One important outcome of the analysis has been safety issues on the task level.  Consequence 
analysis have been carried out on two different levels; one internally in the organization (eventually 
assisted by an external part) and one as a third-party verification.  
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Some of the analysis can be performed internal in the organisation but preferably assisted by an 
external part, meaning qualified persons who are not employees in the organisation or as a member 
of the change project group. This will ensure objectivity and thus high quality of the analysis as well 
as legal qualification.  The principles and practical arrangement of consequence analysis we 
recommend chapter 8 in the IO MTO Handbook [53].  

An important factor in the work with dimensioning the offshore core organization is emergency 
preparedness. Like land-based industry, O&G in Norway has a three-level emergency preparedness 
class. In the event of an emergency preparedness situation, the permanent positions in the offshore 
organization will change their role to fill the positions of the emergency preparedness organization. 
One criterion for this organization has been that one should be able to evacuate all personnel on 
board safely.  Since the need for capacity in the emergency organisation to a certain degree are 
according to the need for evacuation, there has so far also been found solutions for the emergency 
organisation when downsizing offshore crews. When relevant, the impact on the emergency 
organisation has been analyzed by a third party.  

There has long been a debate about whether contractor personnel can be trained to be included in 
staffing, for example. search and rescue team, but one has known us do not succeed in finding 
schemes that unions can accept. 
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